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ABSTRACT 
Fish contributes significantly to human food requirements due to 
their high nutritional values. In West Bengal people prefer 
consumption of freshwater fishes especially carps. Dwindling stocks of 
sea fish have also accentuated the demand for freshwater fishes 
particularly carps. Consumers are greatly attracted to Indian major 
carps because of their nutritive and dietary qualities, comparatively 
greater body weight and abundance of flesh. Rohu (Labeo rohita), 
Catla (Catla catla) and Mrigal (Cirrhinus mrigala) which constitute 
three of the selected Indian Major Carps are the subject matter of this 
study. They belong to family Cyprinidae and order Cypriniformes. This 
carps hybridize naturally, through escapes of fish from hatcheries into 
the wild and by introduction of exotic species. This would upset the 
natural gene pool of native fish populations. Genetic introgression and 
inefficient fish management practices adopted in hatcheries further 
aggravate the above problem. Cultured fishes bred and maintained at 
low population sizes may experience harmful effects of inbreeding, 
which may lead to reduction in reproductive success eventually 
reducing aquaculture productivity. 
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The genetic identification and discrimination of aquaculture stocks is 
a fundamental requirement in any culture programme whether for 
commercial or rehabilitation purposes. Through genetic markers it 
would be possible to screen population that had undergone loss of 
genetic variability. Initially, morphometries and meristics parameters 
were employed for determining genetic variations. Later on, more 
advanced methods like karyotyping and protein (Isozyme) 
electrophoresis came in vogue. But the introduction of molecular 
genetic markers like mitochondrial DNA (mtDNA) and nuclear DNA 
(nDNA) revolutionized genetic analysis. Nuclear DNA analysis includes 
techniques like Restriction Fragment Length Polymorphism (RFLP) 
and Variable Number of Tandem Repeats (VNTR) comprising of 
minisatellites and microsatellites. With the invention of Polymerase 
Chain Reaction (PCR) technology, Randomly Amplified Polymorphic 
DNA (RAPD) analysis emerged as a powerful method. PCR-RAPD is 
relatively simple, fast, inexpensive, requires veiy small amount of 
genomic DNA and does not necessitate the target DNA sequence 
information and a known primer. Under stringent and carefully 
controlled conditions, RAPD is sufficiently reproducible. As there is no 
systematic and comprehensive information available in the literature 
on RAPD-PCR analysis of Indian Major Carps (IMC), the present study 
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has been designed to achieve the following objectives; (1) DNA 
profiling of three species of selected Indian Major Carps (Labeo rohita, 
Catla catla and Cirrhinus mrigala) for identifying species specific 
pattern, (2) identifying hybrid patterns of the above selected carps and 
(3) quantifying genetic variations and changes in genetic profiles of 
farm population of Rohu (Labeo rohita) under selection. 
Sample collection was carried out in the case of the above three 
selected Indian Major Carps from wild riverine stock of the river 
Gomti, Lucknow, India. For the purpose of species comparison, blood 
samples were collected from individuals numbering 15 from each of 
the three species. Samples of the putative hybrids were collected from 
both, wild population of Gomti river as well as from the farm of 
National Bureau of Fish Genetic Resources, Lucknow. The third set of 
samples for studying genetic divergence of Labeo rohita were obtained 
from the Selection Programme carried out at Central Institute of 
Freshwater Aquaculture (CIFA), Bhubaneswar, Orissa. The samples 
studied were (a) 58 fishes of the CIFA selected stock and (b) 16 fishes 
from CIFA control stock. For collection of blood samples, procedure 
laid down by Ruzzante et al., 1996 was followed. Three species of IMC 
were categorized according to their morphological features. DNA was 
prepared from blood cells using the procedure of Ruzzante et al. 
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(1996). Quantity of the extracted DNA was estimated by ultraviolet 
absorbance spectrophotometry at 260nm, at which wave length an 
absorbance (A260) of 1.0 corresponds to 50 jug of double stranded DNA 
per ml. Quality of extracted DNA was confirmed by subjecting it to 
electrophoresis through 0.7% agarose gel, followed by Ethidium 
Bromide (Et.Br.) staining. Using RAPD analysis, species specific bands 
and hybrid specific brands were screened with six primers. As for 
population analysis in rohu, out of 20 primers 9 primers were 
selected. All the primers used were obtained from kit A of Operon 
technologies, Inc. U.S.A. Employing agarose gel (2%) electrophoresis, 
the presence or absence of bands was recorded and analyzed by visual 
comparison and by means of RAPDBIOS software. Majority of the 
bands were found to be ranging from 0.83-3.53kb and only clear and 
repeatable bands were scored. 
The results are presented primer wise and for each primer the species 
specific pattern is given followed by the hybrid pattern. For OPA1, the 
total number of species specific bands were 2, 5 and 4 in rohu, catla 
and mrigal respectively. For OPA4, the total number of species specific 
bands for rohu, catla and mrigal are 3, 2 and 2 respectively. Since 
there is no common band between rohu and catla and between catla 
and mrigal, OPA4 acts as a good genetic marker for species 
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identification. Total number of species specific bands for rohu, catla 
and mrigal are 2, 1 and 6 respectively for OPA9. Rohu and catla have 
no shared band with mrigal. Therefore, the primer OPA9 is chosen for 
distinguishing mrigal from rohu and catla. For OPA16, rohu and catla 
showed one species specific band each while for mrigal they are four 
in number. In the case of 0PA19, the total number of species specific 
bands for rohu and mrigal were two each while catla had one. There 
was no common band between rohu, catla and mrigal. Taking these 
two factors into consideration, OPA19 can be treated as the most ideal 
primer to differentiate the three species. In respect of OPA20, total 
number of species specific bands were 4, 2 and 1 in rohu catla and 
mrigal respectively. Mrigal had no common band with others. 
Therefore, OPA20 is most suited to differentiate mrigal from others. As 
shown above, species specific bands were observed in all the six 
primers. With respect to mrigal for OPA9, there were five 
monomorphic species specific bands. 
Generally, in all the hybrids both monomorphic and polymorphic 
species specific bands were present. For the same individual while one 
primer amplified band of one species, another primer amplified for 
another species. In all the hybrids whether they are from the farm or 
the wild, the rohu-catla bands were present. The unequal 
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representation of rohu/catla/mrigal band with the hybrids could 
either reflect that these individuals were not F1 hybrids, but could be 
hybrids which have back crossed with either of rohu/catla/mrigal. 
The presence of hybrids especially one exhibiting the genome of all 
three species from the wild collection is surprising. The present study 
has clearly brought out that the occurrence of hybrids is high in 
hatchery stocks. The potential damage to native germplasm in the 
wild is high as is evident from the occurrence of these hybrids in wild 
collection. 
For population analysis in rohu, a total of 20 primers were tested and 
nine were used in the study since they gave clear scorable and 
polymorphic bands. Of the nine primers used, the total number of 
bands ranged between 5-6, except for OPA12 which gave nine bands. 
In all these primers the number of polymorphic bands ranged from 2-
7 with the highest number i.e. seven, being in OPA12. Polymorphic 
loci (%) are higher in the selected group than from the control group of 
CIFA samples. Out of 53 loci, 32 tests were possible. The differences 
in allelic frequencies due to selection process indicate the possibility 
of using certain loci as genetic tags for marking individuals or group 
of individuals /sub-populations through future selection process. At 
loci OPA17-4, where dominant allele frequencies increased to 1.0, it 
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may be possible to use it as genetic tag for selected group of 
individuals. It can be inferred from the present study that even within 
a short period of selection, genetic divergence will be patent and that 
RAPD markers are able to quantify this divergence. These findings 
facilitate developing genetic tags of selected lines. Further studies on 
gene mapping and quantitative trait loci (QTL) for the purpose of 
improvement and conservation of stocks through selective breeding 
will also be facilitated by this study. 
The study also establishes the ability and propensity of 
taxonomically distinct fishes to interbreed and produce viable 
hybrid offspring. However, repeated backcrossing of hybrid 
descendants with a parental species can further result in the 
introgression of genes from one species into the gene pool of 
another. This process of introgressive hybridization can cause 
the genetic loss of an entire species, subspecies or unique 
population. This study is, therefore, not only restricted to 
hybridization between distinct taxa but also hybridization 
between populations within taxa. The interbreeding of hatchery 
and wild fish can be viewed as the introgressive hybridization of 
two conspecif ic populations. 
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The findings of this study will serve as a useful guideline to 
management techniques in hatcheries. However, since it is 
presently restricted to the three selected Indian major carps, it 
will be of great benefit to extend this study, to embrace all the 
species of carps, which are significant to our consumption 
requirements. 
Also it has been evident that RAPD method is of greatest use in 
attempts to trace the origin and evolution of the species to 
supplement the data on genetic analysis obtained with 
taxonomic studies based on morphometr ies . It has emerged 
from the study that such invest igat ion can be successful ly 
carr ied out with the help of RAPD technique. 
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INTRODUCTION 
INTRODUCTION 
Fish as human food 
Fish contributes significantly to human food needs particularly in 
the underdeveloped and developing countries where people are at 
heavy risk of malnutrition. The nutritional quality of fish is higher 
than that in meat and dairy products (milk). The protein content of 
most fish species varies between 15-20%; fat content varies more 
widely than protein, water, or mineral content. Fish provides a good 
combination of amino-acids well suited to human nutritional 
requirements. Fish is particularly high in lysine (in which cereal 
proteins are relatively low) and sulphur amino-acids; this makes it 
extremely efficient in supplementing the low protein/high 
carbohydrate diets of most of the countries in West Asia. A relatively 
small amount of fish protein in combination with a cereal-based 
diet, therefore, enhances the nutritional quality of the cereal protein 
and improves the overall quality of the diet. In addition to its use 
as cod liver oil taken for vitamins A and D, fish oils have moved into 
the center stage of fatty acids in nutrition. The analytical work 
provided the means to recognize the long-chain and truly essential 
n-3 polyunsaturated fatty acids vital for retinal, neurological and 
cellular membrane functions in our bodies. These polyunsaturated 
fatty acids also contribute significantly to essential fatty acid 
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requirements important in some cases in lowering blood cholesterol 
levels for prevention of cardiovascular illnesses. 
The geographical location of the population and availability of 
products play the most decisive role in characterizing consumption 
habits. For example, people living in the coastal areas have access 
to and preference for marine fish whereas in the north east and east 
of the country where large resources of freshwater are available, the 
traditional preferences are for freshwater fish. The people of 
Bangladesh and West Bengal in India eat most of the indigenous 
species but their preferences are for the freshwater Indian major 
carps (Pathak, 1989). However as has happened to aquatic species 
in other parts of the world, these carp species too are declining at 
an astonishing rate. Due to the dwindling yield of sea fish, demand 
for freshwater fishes like carps will increase in proportion. Irregular 
supplies cannot cater entirely to the requirements, and the 
suppliers will welcome the availability of farmed produce. 
Significance and distribution of carps 
In the above context, the production of carps has assumed 
considerable importance. Consumers are greatly attracted to 
consumption of the Indian Major Carps because of their nutritive 
and dietary qualities, comparatively greater body weight and 
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abundance of flesh. The carps originated in Western Asia and 
naturally dispersed to China, Siberia and Danube basin. The 
Romans transferred it to Europe. Carp culture in China can be 
traced back to the 7th century B.C., where some 90% of the current 
11 million ton world production is grown (Billard, 1995). 
A majority of the carps have colonized all continents with the 
exception of Australia. They are widely distributed in North 
America, Eurasia and Africa but are absent naturally but 
introduced in South America, Madagascar and Australia. The 
diversity of carp is at its greatest in China, India and in South-East 
Asia but is lower in Africa and North America. In India there are 
four species of what are generally termed as major carps (i.e. Labeo 
rohita, Catla catla, Cirrhinus mrigala and Labeo calbasu). In addition 
to this, there are minor carps as well, namely, Labeo pangusia, 
Labeo bata, Labeo angra, Cirrhinus reba and Puntius sarana 
(Jhingran, 1983). Of the major carps the first three species, Labeo 
rohita, Catla catla and Cirrhinus mrigala are found to be more 
popular with the consumers in India as table delicacy because of 
their comparatively greater body size and easier availability. Rohu 
(Labeo rohita), Catla (Catla catla) and Mrigal (Cirrhinus mrigala) 
which constitute three of the Indian Major Carp forms are the 
subject matter of this study. 
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Taxonomic position of carps 
The above three carp forms belong to the Cyprinid family and come 
under the order of Cypriniformes, which are traditionally grouped 
with the Characiformes, Siluriformes and Gymnotiformes to make 
up ' the super order Ostrariophysi. These groups have certain 
common features such as being found predominantly in freshwater, 
their possession of Weberian ossicles: an anatomical structure 
originally made up of small pieces of bone from four or five of the 
first vertebrae. The most anterior bony pair is in contact with 
extension of the labyrinth and the most posterior with the swim 
bladder. Most Cypriniformes have scales and teeth on the inferior 
pharyngeal bones which may be modified in relation to diet. 
Species Hybridization 
In spite of their diversity, fish hybridize relatively easily and the 
cross between a variety of species leads to wider taxonomic 
combinations. Such hybrids occurring naturally and/or produced 
artificially have been mentioned by Purdom (1993). Hybridization of 
fishes in nature largely comes about through environmental 
changes, particularly instability or through imbalances between the 
species with or without the intervention of man. Hybridization can 
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also be accentuated by escapes of fish from hatcheries into wild. 
There are some reports on the occurrence of major carp hybrids in 
nature (Das & Jhingran, 1989). Therefore, knowledge of genetic 
variation in culture and natural population is important for the 
success of aquacultural and fisheries management practices. 
Hybridization in the natural environment is more relevant today as 
an environmental issue largely because the introduced or exotic 
species might interbreed with and upset the natural gene pool of 
native fish populations. This problem is widely known as part of the 
trouble arising from the introduction of non-native species. 
Experience with purposeful hybridization without further care 
between hybrid progeny and their parents created several problems. 
The hybridization of the domestic common carp (Cyprinus carpio) 
with its wild living ancestor, the wild carp, was conducted in the 
erstwhile USSR and several other Eastern European countries and 
resulted in contamination of the wild carp and domestic carp brood 
stocks and in the deterioration of their economically important 
traits (Padhi and Mandal, 1994). 
Genetic Introgression 
Another threat to the existence of the species, which is of great 
importance, is the problem of introgression. Introgressive 
hybridization or introgression is genetic modification of one species 
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by another through hybrids. In other words it is the transmission of 
genes from one species to another by hybridization. Inadvertent 
hybridization among fishes and backcrossing of F1 hybrids with 
parents would cause genetic introgression among these fishes 
causing contamination of gene pools of these prized food fishes. The 
inefficient fish management practices adopted in hatcheries 
aggravate the problem. 
Cultured fishes bred and maintained at low population sizes may 
come under harmful effects of inbreeding in which potential mates 
are more likely to be closely related. This may lead to reduction in 
reproductive success. Inbreeding is a cumulative phenomenon. The 
effects of inbreeding on some salmonids, common carp (Cyprians 
carpio) and rainbow trout have been cited by Padhi and Mandal 
(1994). One generation brother-sister mating in rainbow trout 
resulted in increased fry deformity (37.6%) decreased food 
conversion efficiency (15.6%) and low fry survival (19%) (Padhi and 
Mandal, 1994). A single cycle of full-sib mating of common carp 
resulted in 10-20% depression of growth rate and a considerable 
number of individuals with abnormalities. Such introgression would 
obviously reduce the aquaculture productivity. 
The genetic identification and discrimination of aquaculture stocks 
is a fundamental requirement in any culture programme whether it 
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is directed at producing a commercial product or fish for 
rehabilitation of natural population. Furthermore, varying degree of 
similarities (and differences) among stocks allow fish breeders to 
minimize the deleterious effects of inbreeding by crossing fish from 
genetically different strains. Informed choices on donor strains can 
be made only with knowledge of genetic similarity because strains 
differ to varying degrees and, therefore, are not equally suitable for 
crossbreeding. Such information is especially vital when detailed 
pedigree information is lacking. 
The ability to discriminate among hatchery stocks is no less 
important in aquaculture. One common action in restoration 
programmes is to stock cultured fish into natural waters where 
natural populations have declined because of anthropogenic 
influences. Evaluation of such a programme requires that those 
strains, which are able to survive and reproduce, be identified so 
that future stocking efforts can concentrate on that subset of 
strains. The reproductive success of stocked hatchery fish can only 
be determined with the use of diagnostic genetic markers among 
source stocks (Ferguson, 1995). 
Despite well-established significance of quantification of genetic 
variability, our knowledge regarding the interspecific variability and 
intraspecific variability of various existing stocks is disappointingly 
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poor. Moreover, selection approach requires knowledge of pedigree 
of base population. Thus to study the wild population separately 
from the farm population and in combination with the latter is 
essential in order to determine their genetic purity or the level of 
hybridization. But rearing of spawns of different families, before 
physical tagging is attempted, requires separate nursery ponds and 
or cages, which is space-and labour -intensive. Also, it is difficult to 
separate out the genetic component from total variance due to 
environment interaction. All these problems can be overcome with 
species specific and family specific DNA profiles. Through genetic 
markers it would be possible to screen population that had 
undergone loss of genetic variability. 
Morphometries, Meristics and Protein (Isozyme) Polymorphism 
Our knowledge has far advanced from the days when hybrids in the 
wild used to be recognized by their distinctive appearance and by 
the measurement of body proportions, i.e. morphometries, or by 
counting fin rays or scales or teeth, i.e. meristics. Later on, more 
advanced biochemical-genetic techniques like Karyotyping, Protein 
(Isozyme) electrophoresis and Isoelectric focussing remained in 
vogue. Isozymes are functionally similar but separable forms of 
enzymes, encoded by one or more loci. For the past 20 years, fish 
geneticists have been using protein (isozyme) electrophoresis as 
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their primary tool to characterize population-level genetic variation 
in various fish species. This technique is relatively inexpensive and 
requires little in the way of specialized equipment. Also it is a fairly 
rapid procedure to perform on a large scale and a large number of 
unlinked loci that are dispersed throughout the genome can be 
screened simultaneously. A variation of isozyme electrophoresis is 
the isoelectric focusing (IEF) technique. The charged side chains 
associated with the aminoacids that determine a protein's net 
charge respond to pH by becoming more or less charged. A protein's 
isoelectric point is the pH at which its net surface charge is zero. 
Instead of being separated according to differences in overall charge 
at a given pH, proteins are separated according to differences in 
isoelectric point. This technique has not achieved widespread use as 
is the case of isozyme electrophoresis. However protein 
electrophoresis has certain limitations. The resolution of protein 
electrophoresis is not always adequate for detecting differences 
between populations or individuals. Because of redundancy in the 
DNA code that dictates protein sequences, all changes in a gene 
may not result in a change in the overall charge of the protein 
expressed; thus many genetic variants are not detected by protein 
electrophoresis. Furthermore, protein electrophoresis is limited to 
detecting genetic changes that affect genes that actively express 
proteins detectable with a histochemical stain. These genes 
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constitute only a small percentage of the whole genome of an animal 
(Park and Morgan, 1995). 
Mitochondrial DNA (mt DNA) 
For all the improvements introduced by the above techniques, what 
revolutionized the genetic analysis of fishes is molecular genetic 
techniques of which DNA profiling is a powerful tool for analysis of 
genetic diversity, parentage and linkage. The species and 
populations yield reliable data for characterizing and defining 
aquacultural strains. Once such DNA profiling data are available, it 
will be useful to identify different populations. The potential amount 
of genetic variation detectable by DNA methods vastly exceeds the 
amount detectable by protein methods because DNA sequences are 
being assayed more directly. In recent years, mitochondrial DNA 
(mtDNA) analysis has increasingly found favour and is generally 
assumed to be more powerful than protein analysis for revealing 
population structure. Mitochondria are cytoplasmic organelles in 
eukaryotic cells where respiration takes place. Mitochondria have 
their own DNA, which contains numerous gene vital for cell 
respiration and other functions. It is physically separate from the 
rest of the cell's DNA, which resides within the nucleus, and this 
physical separation makes it relatively easy to isolate the 16000 to 
20000 base pair circular mtDNA molecule from the billions of other 
1 0 
nucleotides in the genome. Being compact in size, mtDNA is 
haploid; that is, each mitochordrion contains only one type of 
mtDNA. Mitochondria are cytoplasmically inherited, and the 
cytoplasm of an ovum is derived from the female, thus mtDNA is 
predominantly inherited maternally. Because there is little or no 
paternal contribution of mtDNA in most organisms, and no known 
recombination between mitochondrial genomes, mtDNA is clonally 
inherited. All of these factors combine to reduce the effective 
population size of mtDNA to one-fourth of that for the nuclear genes 
of the same organism. A smaller effective population size means 
that genetic drift can cause frequency differences between isolated 
gene pools more readily in mtDNA than in nuclear DNA. By virtue of 
maternal mode of inheritance and rapid rate of evolution of 
mitochondiral DNA (mtDNA), it has facilitated screenings of widely 
distributed populations of species and this development might; give 
insight into the origin and history of the species. The limitations of 
mitochondrial DNA (mtDNA) are that the genotypes are asexually 
transmitted and that they alone cannot provide conclusions 
regarding mating patterns and also that mtDNA analysis requires 
fresh or frozen tissue samples (Park and Morgan, 1995). 
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Restriction Fragment Length Polymorphism (RFLP) and Variable 
Number of Tandem Repeats (VNTR) approach 
The recent molecular genetic techniques include Restriction 
Fragment Length Polymorphism (RFLP) and DNA Finger Printing 
(DFP). RFLP includes DNA-DNA hybridization with structural gene 
probes and has certain limitations such as detection by DNA blot 
hybridization is laborious, incompatible with application and 
requires large amount of DNA sample which, at certain times, may 
not be possible (Botstein et al., 1980). DNA Finger Printing 
technique, developed by Jeffrey et al. (1985), is also Southern blot 
hybridization procedure using microsatellite DNA probes yielding 
specific fingerprint pattern. DFP allowed one to evaluate 
polymorphic DNA specific to individuals. Though DFP is powerful it 
involves high cost, is technically demanding, and often requires the 
use of radio-isotopes which are hazardous for health. 
One source of nuclear DNA (nDNA) markers that is being 
increasingly studied concerns the analysis of repeat sequences 
(VNTR loci-variable number of tandem repeats). VNTR comprises 
minisatellites and microsatellites. A minisatellite locus consists of 
multiple tandemly repeated copies of a DNA sequence, and is 
usually highly polymorphic due to variation in the number of 
repeats. The repeat array typically comprises upto several hundred 
1 2 
copies of a lO-lOObp (base pair) sequence and are often GC rich. 
They are dispersed throughout the genome and are highly 
polymorphic. The fingerprinting approach reveals large numbers of 
loci simultaneously, producing highly variable and complex 
patterns in which individual locus genotypes cannot be 
distinguished. This variability is a strength in some applications, 
notably in studies of parentage And breeding systems, but a severe 
limitation when individual locus genotyping is required. 
Microsatellites, or simple sequences, consist of tandemly repeated 
units, each between 1 and 10 bp (base pairs) in length, such as 
(TG)n or (AAT)n. Individual microsatellite loci can be studied either 
by developing primers specific to unique flanking domains of 
individual microsatellite loci, allowing amplification and description 
of individual alleles, or by cloning the entire VNTR or one or both 
domains of unique flanking nDNA and using this to probe Southern1 
blots. Unfortunately, such single-locus probes or primers currently 
have to be developed anew for each species, or group of closely 
related species, and the development phase can take several 
months of skilled and expensive labour. VNTR are usually non-
coding and, therefore, the variation should be largely independent 
of natural selection, except where they are closely linked to 
adaptively significant coding sequences. It also requires forward and 
reverse primers (Ward and Grewe, 1995). 
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Polymerase Chain Reaction (PCR) and Randomly Amplified 
Polymorphic DNA (RAPD) 
In the present era of biotechnology, new techniques are emerging 
everyday having advantages over the previous ones. The invention 
of Polymerase Chain Reaction (PCR) by Kary Mullis in 1983 has 
added a new dimension in the field of molecular biology (Mullis, 
1990). It is a simple technique by which a small amount of DNA can 
be amplified to thousand million folds quickly and reliably in an in-
vitro system. PCR is characterized by the three S's, Selectivity, 
Sensitivity and Speed. It is also non-radioactive, easy to execute, 
requires few simple reagents, source of heat and cheaper assay by 
which genome can be analyzed quite rapidly. There are many 
offshoots of PCR technology and one of the powerful technique 
based on PCR is Randomly Amplified Polymorphic DNA (RAPD) 
analysis (Welsh and McClelland, 1990; Williams et al., 1990). This 
technique utilizes 8-10 mer synthetic oligonucleotides random 
sequence as primers for amplification of target sequence in template 
DNA. The technique relies on the fact that whereas the standard 
PCR requires two different oligonucleotides whose base composition 
is fixed by the sequence of the fragment to be amplified, RAPD 
requires only the presence of a single randomly chosen 
oligonucleotide. Under annealing conditions used this single 
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oligonucleotide acts as both forward and reverse primer. An 
individual RAPD primer does have a defined sequence, this 
sequence, however, is usually chosen at random. There is, 
therefore, an almost infinite number of oligonucleotides which could 
be chosen as RAPD primers (Karp et al., 1998). The assay is 
relatively simple, fast, inexpensive, requires very small amount (in 
nanogram) of genomic DNA, and does not require the target DNA 
sequence information. Moreover, the use of random or arbitrary 
primers (8-10 mer) eliminates the requirement of known primer 
sequence in PCR. These random primers can detect the 
amplification of several unrelated regions of the genome as well as 
can be directed against a repeat motif sequence. As few primers of 
arbitrary sequences amplify polymorphic fragments from genomic 
DNA of a wide range of species, RAPD has the advantage over other 
assays that detect DNA polymorphism in as much as there is no 
need for isolating species specific probes (Wright, 1993). This 
technique is relatively simple and fast as compared to that of RFLP, 
and highly reproducible under identical amplification and 
electrophoretic conditions (Dinesh et al., 1996). Moreover, DNA level 
polymorphisms detected by RAPD are most effective in revealing 
genetic differentiation of strains and populations in fish (Garcia and 
Benzie, 1995; Degani et al., 1997; Smith et al., 1997; Caccone et 
al., 1997; Appleyard and Mather, 2000). 
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Repeatability of RAPD 
Different molecular markers often reveal different aspects of 
lineages, given the variation in inheritance linkage relationship and 
rates evolutionary divergence in different classes of molecules. Thus 
the most powerful application of RAPDs is where they are used in 
conjunction with other molecular markers. RAPD fingerprinting is 
robust, simple, fast, sensitive and particularly suited to problems 
where the genome is anonymous or when the quantity of genomic 
DNA available is limited (Williams et al., 1990; Welsh and 
McClelland, 1990). 
Nonetheless the reproducibility of RAPD patterns has been 
questioned (Hedrick, 1992; Scott et al., 1992). The RAPD pattern is 
highly sensitive to reaction conditions. Minor differences in reaction 
conditions may produce different amplification patterns. Optimal 
reaction conditions are critical to obtain sufficient reproducibility 
for genetic analysis. The RAPD method might not be used without 
reservation in linkage or parentage analysis prior to the optimal 
reaction condition available (Zhang et al., 1995). In spite of this, 
reliable results from the RAPD procedure have been reported in 
plants (Michelmore et al., 1991), animals such as chicken (Levin et 
al., 1993, 1994) dogs (Rotthuizen and Wolferen, 1994) and in 
Zebrafish (Postlethwait et al., 1994). The issue of reproducibility of 
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RAPD fingerprints generated by different laboratories was tested by 
Penner et al., (1993). Their study showed that different laboratories 
using identical primers amplified different size ranges in RAPD 
markers in oat cultivars. Among the factors which affect the 
reproducibility of RAPD profiles are (a) Overall temperature profile 
especially annealing temperatures inside the reaction tubes (b) 
Concentration of genomic DNA to be used as template due to widely 
different purity and (c) Magnesium ion concentration which amplify 
some bands more efficiently (Penner et al., 1993; Williams et al., 
1993). 
Plotsky et al., (1995) while analyzing genome suggested that, if the 
goal of a study is to detect and utilize polymorphism for a specific 
locus, then an initial screening by RAPD - PCR might be the more 
efficient approach. Although the screening phase with PCR may 
require more time the subsequent production of specific 
hybridization probes, locus-specific primers or allele specific 
primers can be accomplished more readily from RAPD-PCR 
products than from DFP bands (Hillet et al., 1992) 
There are certain situations however when RAPDs are particularly 
useful as compared to other kind of markers. RAPDs are highly 
informative where isozymes either fail to provide polymorphisms, 
show inadequate level of polymorphism for the purpose at hand or 
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cannot provide robust conclusions because the number of loci is 
limited. The first two scenarios are most often the case in the study 
of small populations; the latter will often be the case in studies of 
hybridization, paternity analysis, outcrossing estimation and 
determination of clonal structure. RAPD can also be used to 
estimate genetic diversity within and among populations if the 
appropriate degree of caution is applied. In conclusion, under 
carefully controlled reaction condition and at the appropriate level, 
RAPD can be a powerful tool for use in studies of the population 
genetics, systematics and ecology of the rare taxa (Smith and 
Wayne, 1996). The potentialities of RAPD have also been usefully 
employed in taxonomy, fishery management and in fish culture. 
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OBJECTIVES OF THE STUDY 
OBJECTIVES OF THE STUDY 
In view of the nutritive significance and consumers preference of 
Indian major carps, its dwindling population and extensive genetic 
introgression with other species has been a matter of great concern to 
fishery scientists. In order to conserve the germplasm of the rich 
native fauna and to avoid any further loss of its biodiversity, it is 
important that the genetic variability of such species should be 
worked out. The survey of the available literature reveals that no 
systematic and detailed attempt has been made to do the DNA 
profiling of the Indian major carps which is a pre-requisite for any 
conservation programme. The present study has, therefore, been 
designed to achieve these objectives. Out of the broad spectrum of 
uses to which DNA Fingerprinting can be put, the RAPD approach has 
been chosen due to its technical versatility to achieve the following 
objectives . 
1. DNA profiling of three species of selected Indian Major 
Carps (Labeo rohita, Catla catla and Cirrhinus mrigala) for 
identifying species specific pattern . 
2. Identifying hybrid patterns of the above selected carps. 
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3. Quantifying genetic variations and changes in genetic 
profiles of farm population of Rohu (Labeo rohita) under 
selection. 
With these objectives in view, part I of this work deals with species 
specific DNA profiles on the three Indian Major Carps obtained by 
Random Amplified Polymorphic DNA-Polymerase Chain Reaction 
(RAPD-PCR) and provides the analysis of natural and farm hybrids for 
their hybrid pattern. Part II sets forth genetic variations and 
introgression levels in farm population of Rohu (Labeo rohita). 
Accordingly, primers from Operon kit-A were screened and suitable 
primers have been selected for studying species variations, hybrid 
patterns and population structure. 
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REVIEW OF LITERATURE 
REVIEW OF LITERATURE 
Methods for detecting genetic variability 
Dif ferent methods have been employed for studying genetic 
var iabi l i ty . Until the mid-1960s, comparing morphological 
characters was essential ly the only method available to 
icthyologists and f ishery biologists for detecting genetic 
var iat ion. In such studies, meristic and morphometr ic 
characters are counted and measured on the suspected 
hybrid indiv iduals and on individuals representing the two 
hypothes ised parental species. The unknown fish are 
concluded to be interspeci f ic hybrids if their meristic counts 
and morphometr ic measurements are, on the average, 
intermediate to the values for the two parental species. 
Detect ing natural hybridizat ion using morphological criteria 
suf fers from many shortcomings. In general, morphological 
data can provide only circumstantial evidence for natural 
hybr id izat ion or introgression because hybrids are usually 
assumed a priori to be morphological ly intermediate to the 
parental species (Ryman and Utter, 1987). Another method 
for detect ing genetic variation was karyotypic methods in 
f ishes. It requires a great amount of labour to karyotype 
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large number of f ishes. In addition, a large number of 
congeneric species of f ishes have identical karyotypes; 
chromosome comparisons in these f ishes would be of little 
value for detecting hybridization (Ryman and Utter, 1987) . 
In later stages, protein (Isozyme) electrophoresis emerged as 
a more ef f ic ient technique to detect genetic variat ion in 
f ishes. The isozyme electrophoretic markers were extensively 
applied for stock identi f icat ion study in the recent past. This 
technique was applied in rohu and mrigal by Gopalakr ishnan 
et al. (1997) in which case, they could detect species specif ic 
d i f ferences. Isozymes are the multiple molecular forms of an 
enzyme and are the direct gene product. Any detectable 
change in the isozyme phenotype reflects the genetic change 
at the DNA sequence. During the sixties and seventies, 
isozymes in fish were extensively studied in some western 
countr ies but became less popular of late. The main reason 
for its l imited use is that isozyme pattern cannot detect point 
mutat ions and conservative amino acid subst i tut ions. Also, 
it reveals only one third or less amount of the genetic 
variation actually present (Padhi and Mandal, 1995). 
Rapid advances in molecular biology have helped to develop 
molecular markers during the late eighties in the form of 
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mitochondria l DNA (mtDNA) and nuclear DNA (nDNA). For 
several reasons, one of the most studied port ions of the 
genome in animals (for population or evolutionary studies) is 
the mtDNA. It provides markers with greater variabi l i ty and 
sensit ivity to drift and is, therefore, more likely to show 
d i f ferences between populations/species which makes the 
mitochondria l genome attractive for both systematic and 
populat ion genetic studies. The nuclear genome in bony 
f ishes is about 0.3-4.0 billion base pairs in size (Ohno, 
1974), whereas mitochondrial genome ranges from 17.0 to 
18.0 thousand base pairs. Isozyme electrophoresis by 
def ini t ion surveys genetic variation in protein-coding regions 
of the nuclear and mitochondrial genomes, but, until now, 
much of the DNA research that has been conducted on fish 
species has involved only the mitochondrial DNA. Nuclear 
DNA (nDNA) represents a wealth of genetic information that 
researchers in fish population genetics have only begun to 
exploit lately (Park and Morgan, 1995). One source of nDNA 
markers that is being increasingly studied concerns the 
analysis of repeat sequences [Variable Number of Tandem 
Repeats (VNTR loci)]. Here interest was focused on 
minisatel l i tes and microsatel l i tes (Ward and Grewe, 1995). 
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VNTRs have been successful at detect ing populat ion 
d i f ferent iat ion in species where mtDNA failed to do so 
(O'Connel l and Wright, 1997). John et al. (1996) analyzed 
VNTR loci in the fish genomes. The analysis revealed that 
Oreochromis niloticus diverged from Oreochromis 
mossambicus (both tilapia) before the separation of 
Oncorhyncus my kiss (rainbow trout), suggest ing the 
relat ively recent evolution of these loci in rainbow trout, 
compared to the ti lapia genomes. Because VNTR loci are 
from non-coding regions, interpretat ions of genetic 
populat ion structure are likely to be indi f ferent to relative 
importance of selection or drift. 
Against this mil ieu randomly ampli f ied polymorphic DNA 
(RAPD) has become a most sought after technique for 
studying genetic variat ions. It has been used in combinat ion 
with other techniques as well. Bielawski and Pumo (1997) 
showed that results of both mitochondrial and RAPD 
analyses are concordant in suggesting divergence among 
Atlantic coast striped bass. However, the RAPD analysis 
suggests that genetic di f ferent iat ion exists between two 
r iverine bass that was not detected by previous mtDNA 
analysis. Mamuris et al. (1999) studied taxonomic 
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relat ionships between four species of Mull idae family 
revealed by three genetic methods. Although RAPD did not 
add any supplementary taxonomic information, they proved 
valuable tools for quick and reliable species discr iminat ion 
compared with al lozymes and mtDNA. 
RAPD - a versatile technique 
The RAPD, a highly versati le technique, has, of late, become 
a power ful tool for f ingerprint ing anonymous genomes (Welsh 
and McClel land, 1990; Wil l iams et al., 1990; Cactano-
Annol les et al., 1991).The RAPD-PCR technique has been 
successful ly used for est imation of genetic d i f ferences in 
humans (Cactano-Annol les et al., 1991), evaluat ion of 
variat ion in honey bees (Hunt and Page, 1992), construct ion 
of phylogeny of insects (Chapco et al., 1992), molecular 
ecology to determine taxonomic identity, assess kinship 
relat ions, analyze mixed genome samples and to create 
species-speci f ic probes (Hadrys et al., 1992). It has also been 
successful ly employed for construction of genetic map of 
zebraf ish (Johnson et al., 1994), species ident i f icat ion for 
crime scene evidence/ food products of endangered species 
(Lee et al., 1994), for character izat ion of cattle, sheep, pig, 
etc. (Kemp and Teale, 1994; Kantanen et al., 1995) and to 
2 5 
study senescence and aging (Curtsinger et al., 1998). Azfer 
et al. (1999) used RAPD for clad identi f ication. Kovacs et al. 
(2000) identi f ied sex-l inked (male specif ic) RAPD markers 
from Afr ican catf ish. Genetic variabil i t ies in four cave and 
eight surface species of balitorid freshwater f ishes from 
Thai land were assessed using RAPD by Borowsky and 
Vidthayanon (2001). Yoon and Kim (2001) undertook similar 
studies in two di f ferent populat ions of cultured Korean 
catf ish. Borowsky and Wilkens (2002) mapped three 
quant i tat ive trait loci (QTL) in the cave fish, Astyanax 
mexicanus genome by means of RAPD technique. The same 
technique was used to est imate populat ion structure and 
phylogenet ic re lat ionships among the eight Spanish Barbus 
species (Callejas and Ochando, 2002). A RAPD method was 
developed for the specif ic identi f icat ion of grouper, wreck 
fish and Nile perch fi l lets (Asensio et al., 2002). 
Species specific RAPD-PCR markers 
The f indings arrived at in invest igat ions conducted with the 
help of species specif ic RAPD markers are especial ly 
noteworthy. Dinesh et al. (1993a) studied two popular 
ornamental f ishes, guppy and goldf ish. The average 
similarity index values were 0.76 to 0.85 for guppy variet ies 
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and 0.75 to 0.90 for goldf ish varieties. Four studies have 
uti l ised RAPD assay to screen pools of DNA created by 
combining individuals of a similar breed or species and to 
identi fy breed or species specif ic markers. Bailey and Lear 
(1994) screened pools of DNA from Thoroughbred and 
Arabian horses to identi fy markers that would dist inguish 
between two breeds. One marker that was present in 31 
analysed Arabian horses but was absent in all 20 screened 
Thoroughbred horses was identi f ied. Suggested uses for 
these markers include detecting cross breeding and 
est imating genetic divergence between breeds. 
Gwakisa et al. (1994) identi f ied two RAPD primers that 
produced f ingerprints which ^distinguished between DNA 
pools of three zebu (Bos indicus) cattle breeds. Data from 
f ingerpr ints were used to est imate homogenei ty and 
divergence between the breeds. The authors suggest that 
these data will be useful in breed conservat ion ef forts . In a 
related study, Kemp and Teale (1994) created DNA pools of 
two cattle sub-species (Bos indicus and Bos taurus) to 
identi fy dist inguishing RAPD markers. A RAPD marker was 
identi f ied that was present in all Bos indicus animals and 
absent in all Bos taurus animals. The authors state that this 
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marker will be useful in detection of cross breeding between 
these sub-species and also to conserve the West Afr ican 
Bos taurus breed's natural resistance to t rypanosome 
infect ion and for studying evolut ionary re lat ionships among 
them. 
Lee and Chang (1994) relied on a single RAPD primer to 
generate species specif ic f ingerpr ints that permitted 
dist inct ion between nine di f ferent species (bovine, chicken, 
dog, duck, goat, human, pig, rabbit and rat). The authors 
concluded that the RAPD assay provided a relat ively simple, 
fast and sensitive species ident i f icat ion f ingerpr int ing 
method that would be useful in analyzing cr ime scene 
ev idence and ident i fy ing products from endangered species. 
Cargi l et al. (1995) util ized the pooled DNA screening 
approach to identi fy a sheep versus goat speci f ic RAPD 
marker which was subsequently converted to a Sequence-
Character ized Ampl i f ied Region (SCAR). The SCAR marker 
will be used in subsequent studies to detect chimer ism in 
inter specif ic sheep goat hemopoiet ic chimeras. This type of 
chimeric animal which has circulating blood cells of both 
sheep and goat, is a useful exper imental model for studies of 
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cell l ineage, interspecies pregnancy and immunolog ica l 
to lerance. 
Jayasankar and Dharmal ingam (1997) showed that RAPD 
loci produced by the same random primer exhibited 
markedly di f ferent patterns between Indian mackere l and 
kingseer . Pascual and Serra (1999) d i f ferent iated. Drosophila 
and its sibling species of the subgroup and character ized 
them using RAPD. With this technique the amount of 
var iabi l i ty that can be detected is high which increases the 
probabi l i ty of f inding species specif ic diagnostic markers. 
To ident i fy DNA based genetic polymorphism for construct ing 
a genetic l inkage map of catf ish Liu et al. (1999) tested 
random ampli f icat ion of polymorphic DNA (RAPD) primers. 
They discovered . that there were higher levels of 
po lymorphism between channel catf ish and blue cat f ish. 
As showed by Klinbuga et al. (2000) genetic diversity of three 
mud crab species collected from two locations was examined 
by RAPD-PCR. The conclusion drawn was that mud crabs 
in that area should be recognized as three d i f ferent species 
rather than a single panmict ic species exhibit ing di f ferent 
morphs. 
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A random amplif ied polymorphic DNA (RAPD) method was 
developed for the specific identif ication of grouper, wreck 
fish and Nile perch fillets by Asensio et al. (2002). The 
analysis produced clear f ingerprints from which the three 
fish species could be easily identif ied. 
Use of RAPD in phylogenetic studies 
The potential use of RAPD in phylogenetic studies (Chalmers 
et al., 1992; Demake et al., 1992; Castglione et al., 1993; 
Fani et al., 1993; Tibayrene et al., 1993; Gwaksia et al., 
1994 and Kaukas et al., 1994) has been widely documented 
in a large variety of organisms. Phylogenetic studies in 
Oreochromis (Tilapia fish) based on RAPD's revealed genetic 
distances that ranged from 0.25 to 0.35 between congeneric 
species (Bardakci and Skibinski, 1994) and from 0.161 to 
0.274 between strains or subspecies of O. niloticus (Naish et 
al., 1995). RAPD markers were used to estimate the 
populat ion structure and phylogenetic relat ionships among 
the eight species of the genus Barbus (Callejas and Ochando, 
2002). 
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RAPD and intra specific variations 
Bailey and Lear (1994) could detect a DNA marker which is 
absent in Thoroughbred horses but present in Arabian 
horses. The distribution of such markers among other horse 
breeds might be useful to infer relat ionships among breeds. 
These ' k inds of markers may also be useful in detect ing 
unwanted crossbreeding between two horse breeds. 
Koh et al. (1999) have done studies among wild forms and 
cult ivated variet ies of the Discus f ish by RAPD 
Fingerpr int ing. Their study revealed that the gene pool of the 
cult ivated variet ies of Discus is smaller than that of the wild 
Discus forms. MacCormack et al. (2000) did a comparat ive 
analysis of two populat ions of the brittle star, Amphiura 
filiforrnis with di f ferent life history strategies using RAPD 
markers . It showed much variation within populat ions. 
A l though there were some rare alleles found as pecul iar to 
each populat ion, overall populat ions were not genetical ly 
d i f ferent iated with the method employed. RAPD technique 
was also used in five Japanese quail l ines for evaluat ing the 
genetic re latedness and diversity within and among l ines by 
Kumar et al. (2000). 
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RAPD and changes due to selection and domestication 
Lines selected for high and low incidence of tibial 
dyschondroplas ia for eight generat ions and a random-bred 
control line of broiler chicken were f ingerpr inted by RAPD 
(Zhang et al., 1995). Their results showed that eight 
generat ions of divergent selection for tibial dyschondroplas ia 
incidence in broiler chicken had resulted in genetic 
var iat ion among lines. In Drosophila melanogaster, RAPD 
analysis was conducted for genetic divergence between 
selected and control lines. Alleles at four of the f ive marker 
loci were associated with signif icant extension of life span in 
males, while two marker loci had signif icant e f fects in 
females (Curtsinger et al., 1998). Koh et al. (1999) discovered 
that the distinct dichotomy between the main cluster of 
cult ivated variet ies and Symphysodon aquiefasciata is 
indicat ive of the genetic ef fect of more than 50 years of 
art i f ic ial selection in Discus breeding for strong colours and 
desirable body and fin shapes. RAPD f ingerpr int ing was 
employed in both surface and cave populat ions of a f ish 
species, Astyanax mexicanus where three quanti tat ive trait 
loci (QTL) were mapped (Borowsky and Wilkens, 2002). 
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Inheritance of RAPD 
The Mendel ian inheritance of al lozyme alleles is widely 
accepted in many species including rohu (Richardson et al., 
1986). However, the mode of inheritance of random ampli f ied 
po lymorphic DNA (RAPD) markers remains poorly 
understood. Several studies have demonstrated that RAPD 
markers can be inherited as Mendel ian loci (Wi l lams et al., 
1990; Welsh et al., 1991; Echt et al., 1992; Hunt and Page, 
1992; Roy Frascaria et al., 1992; Kazan et al., 1993; Levitan 
and Grosberg, 1993; Rothuizen and Wol feren, 1994; Foo et 
al., 1995; Vernon et al., 1995; Elo et al., 1997; Stott et al., 
1997 and Liu et al., 1999). 
In contrast , other studies have shown that RAPD f ragments 
are not always inherited in a Mendel ian fashion and that 
non-parenta l bands can occur in o f fspr ing (Carlson et 
al . ,1991; Hunt and Page, 1992; Reiter et al., 1992). Dinesh 
et al. (1992) demonstrated Mendel ian inher i tance of RAPD 
marker in guppy. 
To date, the mode of inheri tance of RAPD loci has not been 
explored in rohu inspite of the fact that they have been 
developed as genetic markers for ti lapia strain and species 
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identi f icat ion (Bardakci and Skibinski, 1994; Naish et al., 
1995 and Dinesh et al., 1996). 
Appleyard and Mather (2000) showed that in their 
exper iments with fish, the major i ty of RAPD loci tested 
segregated in a Mendel ian fashion. RAPD markers 
conformed to expectat ions for band presence/ absence under 
a dominant allele model. Therefore they chose RAPD's as 
genet ic markers for populat ion analysis in f ish. 
Hybridization in fishes 
Fish hybridizat ion aims at successful ly combining the best 
qual i t ies of di f ferent species. The results are of ten relevant 
to the evolutionary aspects of taxonomic problems and 
establ ishing degrees of af f init ies between species. Hybrids 
are also important for c lar i fy ing species re lat ionships. Inter 
speci f ic hybridizat ion among f ishes is argued to be 
part icular ly common when compared with other vertebrates 
(Campton and Utter, 1985; Hammer et al., 1991). Congeneric 
species often produce progenies which are fert i le in 
successive generat ions (Cheavassus, 1979; Campton, 1991). 
Hybridizat ion and ferti le of fspring present both problems 
and opportunit ies to f ishery management and f ish farming. 
In f ishery management one major problem has been 
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unintent ional hybridizat ion of wild and introduced 
populat ions or species (Campton 1991). On the other hand, 
viable hybrid progenies can be uti l ized in genetic 
manipulat ion of cultured fish (Cheavassus, 1979; Campton, 
1991). 
Convent ional approaches to detect interspeci f ic hybridizat ion 
include morphometr ic analysis and al lozyme markers 
(Campton, 1987, 1991). Both methods suffer f rom several 
shortcomings in detecting interspeci f ic hybrids (Campton 
and Utter, 1985; Campton, 1991), however, since early 
1980's, DNA polymorphism has become avai lable for 
invest igat ing natural hybridizat ion in f ishes (Avaise and 
Saunders , 1984; Hunt and Page, 1992; Scott et al., 1992 and 
Ay l i f f e et al., 1994). 
RAPD f ingerpr int ing has been used by Dinesh et al. (1993b) 
for detect ion of DNA polymorphisms in some f ish species 
including colour variet ies of guppy and tiger barb. Study by 
Dinesh et al. (1993a) for the guppy and goldf ish were in the 
range typically exhibited by populat ions that were small and 
isolated or were highly inbred. Thus high similarity 
coe f f ic ients generally ref lected high homozygos i ty among 
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indiv iduals of each variety which is indicat ive of high 
inbreeding levels. 
Randomly ampli f ied polymorphic DNA (RAPD) methodology 
has proved to be useful in detecting genetic variat ion in 
cultured and natural populat ions of f ishes (Crosland et al., 
1993; Bardakci and Skibinski, 1994; Foo et al., 1995; 
Bie lawski and Pumo, 1997 and Cagigas et al., 1999). 
Johnson et al. (1994) identi f ied 721 RAPD po lymorphisms 
between two laboratory strains of Zebra f ish and of these 
401 of them were used to construct a genetic l inkage map. 
The RAPD method was used to uncover genetic var iat ion in 
At lant ic coast striped bass by Bielawski and Pumo (1997). 
DNA studies in three Indian Major Carps 
An early study on r ibosomal DNA RFLP conducted by Ghosh 
et al. (1991) indicated that catla, rohu and mrigal were 
po lymorphic at the EcoR l site. But his po lymorphism for 
E c o R l site was not intraspeci f ic . Padhi and Mandal (1995, 
1996) carried out Restrict ion Fragment Length Po lymorphism 
of nulcear and mitochondrial DNA studies in Indian Major 
Carps and derived the conclusion that the F1 hybr ids are 
fert i le and can backcross with parental species causing 
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genetic introgression. DNA f ingerprint ing in Indian Major 
Carps and tilapia by Bkm and M13 probes were carried out 
by Ma jumdar et al. (1997). In Labeo rohita and Catla catla 
the Bkm could detect only similar DNA f ingerpr ints . The 
results indicate that the similarity of DNA f ingerpr ints is a 
re f lect ion of the closeness of the species. In the present 
study the RAPD method was employed because of its extreme 
sensit iv i ty and for detecting nuclear DNA var iat ion. RAPD 
also does not require radiolabel ing which is a very lengthy 
and expensive procedure. Given the inabil i ty of other 
tradit ional methods of analysis to reveal suf f ic ient levels of 
DNA variat ion in the three species of Indian Major Carps, a 
systematic and detailed study of the genetic var iat ion in the 
Indian major carps employing RAPD-PCR method is clearly 
warranted. 
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MATERIAL AND METHODS 
MATERIAL AND METHODS 
Classification of the three species of Indian Major Carps (IMC) 
Class-Pisces 
I 
Subclass-Osteicthyes 
I 
Order-Cypriniformes 
I 
Family -Cyprinidae 
I 
Subfamily-Cyprininae 
Genus (1) Catla (2) Cirrhimis (3) La be o 
1 I I 
Species (\) catla (2) mngala (3) rohita 
(Total no.of species =1) (Total no. of species =5) (Total no. of species =16) 
In the sub fami ly Cypr in inae , genus Catla has got only one 
spec ies i.e. Catla catla. Genus Ci r rh inus has got f ive species 
and Cirrhinus mrigala is one species among them. Genus 
Labeo has s ixteen species which inc ludes Labeo rohita. 
Sample col lect ion 
1. Sample co l lect ion was carr ied out in the case of three 
se lected Indian Major Carps from wild r iver ine stock of the 
r iver Gomti , Lucknow, India. For the purpose of spec ies 
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compar ison blood samples were col lected from 8-10 
indiv iduals each of the three species. The fo l lowing code 
was given to denote each of the three species: Labeo 
rohita= LR; Catla catla= CC; Cirrhinus mrigala= CM. Since 
these were part of a larger col lect ion the sample number 
was appended to the above code ( eg. LR 809 ). 
The second set of col lection was for putat ive hybrids. 
From a large number of samples those showing 
intermediate morpholog ica l features of the three species 
were taken to be putat ive hybrids for further screening. 
The samples for wild populat ions were col lected from 
Gomti river and those of the farm populat ion were from 
Nat ional Bureau of Fish Genetic Resources, Lucknow, 
India. The hybrids col lected from the farm were given the 
code FH and those from the natural col lect ion WH. 
The third set of samples for studying genetic d ivergence of 
Labeo rohita were from the selection programme carried 
out at Central Institute of Freshwater Aquacul ture (CIFA), 
Bhubaneswar , Orissa, India from second generat ion of 
year class 1996 of the selection line II in which increase in 
growth rate of 24% was recorded. The selected f ishes were 
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bred from a founder stock col lected from di f ferent rivers in 
India having a wider gene pool. The samples studied were: 
a) 58 CIFA - Selected (CIFA-S) f ishes from those famil ies 
chosen for further selection programme. 
b) The Control group of 16 from CIFA farm stock (CIFA-C). 
Sample size is less for species specif ic markers because f ixed 
d i f f e rences are to be determined while for studies on genetic 
d ivergence a relatively large sample size (58+16 = 74) is used so 
as to determine the heterozygosity and divergence between 
stocks. 
Collection and Storage 
Blood was col lected with the help of a steri le two ml 
hepar in ized syringe fitted with 21 guage hypodermic needle 
from ventral blood vessel that runs in the haemal arches of 
the vertebrae between the anal and the caudal peduncle of the 
f ish. (Ruzzante et al., 1996). Approximate ly 250 jul blood was 
wi thdrawn and immediate ly transferred into steri le 1.5ml 
microtubes containing 95% ethanol in 1:5 b lood-a lcohol ratio 
and kept at 4 °C until further processing. 
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Morphological characters for identi f ication of IMC species 
and their hybrids 
The morphological features which characterize three IMCs are as 
follows: 
In rohu (Fig.l ) , the body is elongate and the mouth is inferior, 
wide, transverse and protractile with fringed lips. Thick lips cover 
the jaws; lower lip has an inner transverse fold. A soft and 
moveable horny covering is found with a sharp margin on the inner 
side of both the lips. The fish has a broad rounded snout 
protruding over the mouth. Gill rakers are short. 
In mrigals (Fig.2), snout is depressed and obtusely rounded with 
soft thin covering. The mouth is broad and transverse. The upper 
lip is fringed and does not extend as far as the lower lip. Lower lip 
is sharp without any horny covering. Barbels are small and in one 
pair. Lower pair is absent. The body is slender. 
The Catla (Fig.3), is characterized by its broad head and snout 
with very thin integuments. Upper lip is absent whereas lower one 
is moderately thick. There are no barbels. Gill rakers are long, 
fine and closely set. The body is deep, dorsal profile more convex 
than that of ventral. Pectorals are extending to the ventrals. Anal 
fin is shorter than dorsal (Table 1). 
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Labeo rohita 
Fig. 1 
4 2 
Cirrhinus mrigala 
Fig. 2 
4 3 
Catla catla 
Fig 3 
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Table 1. Morphological features for identifying the three species 
Morphological 
Characters 
Rohu Catla Mrigal 
Body Oblong or elongate Deep Slender 
Lips Fringed, Thick No upper lip 
Lower thick Lip 
Upper lip fringed 
Lower lip sharp 
Mouth Interior, wide 
transverse and 
protractile 
Depressed and 
Broad 
Broad and 
.Transverse 
Barbels When present four 
or two, If only one 
pair they are on the 
maxilla. Second 
being rostral or 
they may be absent 
No barbels Small, One pair, 
Lower pair absent 
Gill rakers Short Long fine and 
closely set 
Short 
The hybrids (Fig.4) selected were having greater body width than 
rohu, smaller head than catla and were without barbels. The 
hybrids shared the features of both their parents, but the hybrid 
had fewer pectoral and more caudal fin rays than their parents. 
Catla-rohu hybrids had 14 and 20 pectoral and caudal fin rays 
repectively. Catla-mrigal hybrid had 19 pectoral fin rays whereas 
catla had 21 and mrigal 18. The hybrid had slightly subterminal 
mouth, but position of the mouth for catla is upturned and for 
mrigal inferior. 
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Catla catla X Labeo rohita (Hybrid) 
Fig 4 
Isolation of genomic DNA 
DNA was prepared from blood cells using the procedure of 
Ruzzante et al. (1996). Approximate ly 50 of blood stored in 
ethanol was washed twice with 0.5 ml of T.E (100 mM Tris.Cl, 
40 mM EDTA, pH 8). 0.5 ml of lysis buf fer (10 mM Tris.Cl, 1 
mM EDTA, 400 mM NaCl, pH 8) was added. After adding f inal 
concentrat ion of 1% sodium dodecyl sulphate (SDS) and 20 
mg/ml proteinase K, the mixture was incubated overnight at 
37 °C . The DNA was puri f ied by successive extract ions with 1.5 
ml lysis buf fer , 2 ml of phenol : chloroform : isomyl alcohol 
25:24:1 and 2 ml of chloroform : isoamyl a lcohol (24:1). Then 
3 M Sodium acetate pH 5.2 was added and the DNA was 
prec ip i tated with ice cold absolute ethanol and washed with 
70% ethanol . The pellet was dried and resuspended in 200 jjI 
Tris .CL. EDTA buf fer (10 mM Tris.Cl, 0.1 mM EDTA) , RNase 
treatment was done and stored at 4°C. 
Assessment of concentration and quality of genomic DNA 
by horizontal submarine agarose gel e lectrophoresis 
Quanti ty of extracted DNA was est imated by ultraviolet 
absorbance spectrophotometry at 260 nm, at which wave 
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length an absorbance (A260) of 1.0 corresponds to 50 jag of 
double stranded DNA per ml. The quality of the DNA was 
assessed by running it on 0.7% minige l agarose 
e lectrophores is fo l lowed by Ethidium Bromide staining. The 
DNA concentrat ion was adjusted to make 25 ng DNA/jal 
suspension and stored at 
Randomly ampli f ied polymorphic DNA - polymerase chain 
reaction (RAPD-PCR) 
I. Primers 
1. Species specif ic bands in Indian major carps 
Six pr imers were scanned for species speci f ic bands. The 
pr imers chosen were OPA1, OPA4, OPA9, OPA16, OPA19 and 
OPA20. 
Sequence of Random Primers 
Nomenclature of primers used 5mer-3mer Sequence 
OPA1 CAGGCCCTTC 
OPA4 AATCGGGCTG 
OPA9 GGGTAACGCC 
OPA16 AGCCAGCGAA 
OPA19 CAAACGTCGG 
OPA20 GTTGCGATCC 
All the pr imers are from Operon Technologies, Inc., USA. 
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2. Populat ion analysis in rohu 
Twenty random primers of Operon A kit were init ial ly tested 
for their per formance in Labeo rohita wi ld populat ions. The 
pr imers which ampli f ied clearly and yielded repeatable bands 
in wi ld populat ions of rohu were selected. Out of these 
pr imers, nine pr imers OPA1, OPA4, OPA7, OPA9, OPA12, 
OPA14, OPA15, OPA17 and OPA20 were selected for the 
analys is of selected and control stocks. In control group, the 
number of samples used for ampl i f icat ion ranged from 8-16. 
The presence and absence of bands were recorded in 
indiv idual samples. The allele and genotype f requenc ies were 
obta ined from RAPDBIOS (Black, 1995). 
II. PCR 
1 • React ion mixture parameters 
React ion mixture standardized for the purpose const i tutes 25 
ng DNA in 25 ju. 1 ampl i f icat ion for each indiv idual analysed. 
Ampl i f i cat ion react ions contained f inal concentrat ion of l xPCR 
buf fe r (10 mM Tris.Cl, pH 9.0, 50 mM KC1, 0 .01% gelatin), 2 
mM MgCl2, 0.2 mM dNTP's, 5 pmol random pr imer and 1.5 
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units of Taq polymerase. Each reaction was overlaid with 25 jul 
of minera l oil. 
2. PCR Condit ions 
The react ion mixture containing genomic DNA was ampl i f ied 
us ing thermal cycler through polymerase chain react ion. The 
PCR condit ions standardized were a) 1 cycle of 94-^C for 5 
min. for predenaturat ion, b) 45 cycles of 94 (- )C for 1 min., 
3 6 0 c as anneal ing temperature for 1 min. and 7 2 ^ 0 for 2 
min. as extension and c) final elongation of 72 for 4 min. 
Thermal cycler of Perkin Elmer-480 was used. The ampl i f ied 
f ragments were run on 2% agarose gel for detect ing genetic 
po lymorphism. 
Agarose gel electrophoresis of RAPD-PCR products, size 
est imation of RAPD-f ingerprints 
Ampl icons were run on a 2% agarose gel in l x T A E buf fer with 
a known DNA size marker fol lowed by Ethidium Bromide 
staining. The gels were run at a constant vol tage of 70 volts. 
First well was loaded with the DNA marker. The clear and 
repeatable bands in wild populat ions of IMC were selected. 
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The presence and absence of bands were recorded as '1' and 
'0' respect ive ly and were subjected to the fo l lowing analysis: 
1. By visual comparison ident i fy ing species speci f ic markers. 
2. By visual comparison ident i fy ing parental bands in hybrids. 
3. Compar ison of wild and farm populat ion using RAPDBIOS 
Software. 
The above methodology is diagramatical ly represented in 
f igure 5 
Recording of data 
Numbering of the bands in the RAPD profile ranged from the higher 
to the lower molecular weight. 1.5 ml of Lambda DNA EcoRl +Hind 
III cut DNA was used as DNA marker to measure the molecular 
weight of the DNA sample in the electrophoretic profile. Majority of 
the bands ranged from 0.83 to 3.53 kb. Only clear and repeatable 
bands were scored. RAPD bands of different molecular weight were 
interpreted as separate loci. Loci were scored for band presence or 
absence by ensuring that the profile possesses only two alleles, the 
allele which results in amplification (the band allele) and the allele 
that does not result in amplification 
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Fig. 5 Flow chart of RAPD methodology adopted 
DNA Source 
Fish blood w 
3 
Store tissue at - 20"C 
DNA Isolation using 
proteinase K digestion 
Phenol chloroform 
extraction and Ethanol 
precipitation 
Assessment of DNA 
quality and quantity 
4 w 
I 
Store DNA at 4°C 
Prepare DNA and 
PCR reagents 
Load samples in PCR machine 
Predenaturation 94°C for 5 min 
Amplification in 45 cycles 
[Denaturation 94 °C 1 min 
Annealing 36°C for 1 min 
Extension 72 °C for 2 min] 
Final extension 72 °C for 4 min 
Store PCR products at 4°C 
•1 Load PCR samples in gel 
Agarose gel (2%) 
eletrophoresis 
Etliidium bromide 
staining of gels 
X Stain DNA fragments 
J 
RAPD Finger prints 
1 2 3 4 5 
Manual analysis of 
w RAPD bands 
Permanent record 
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(the nul l allele). The null allele fails to ampl i fy when either a 
pr imer site has been lost or an insert ion increases the 
distance between primer sites to the point where ampl i f icat ion 
is no longer possible within the constraints of the PCR cycling 
reg ime. 
Analysis of the Data 
1. Species specif ic pattern and hybrid ident i f icat ion 
For all the three species the bands were compared and 
numbered 1, 2, 3, 4, 5 n from top (well side) to bottom. 
The pr imer number was suf f ixed to this number . For example, 
OPA1-1 was the f irst band of catla using the pr imer OPA1, 
whi le OPA1-2 was the f irst band of mrigal but ly ing below the 
OPA1-1 band. In this manner bands showing common mobil i ty 
were given the same number (eg. OPA1-5, marked with V ). 
This is d iagrammatical ly represented in f igure Nos. 6, 8, 10, 
12, 14 and 20. The bands present in all the indiv iduals of the 
same species were termed as monomorphic (marked with an 
aster ix in f igure) and those which were absent in one or more 
indiv iduals were termed as polymorphic. Those bands which 
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were exclusively found in one species were termed as species 
speci f ic bands and these were split into monomorphic and 
po lymorphic bands. 
For determining the parental contr ibution of the hybr ids both 
species specif ic monomorphic and polymorphic bands were 
taken into considerat ion. The common bands were not 
considered for deriving the parents. 
2. Compar ison of farm populat ion 
Sof tware, RAPDBIOS (Black, 1995) was used to calculate allele 
and genotype frequencies. The genotype f requenc ies (RAPD) 
were used to analyse parameters of genetic diversity like 
po lymorphic loci (%) with Genetix 4.0 (Belkhir, 1998). The 
pairwise comparison for allelic and genotypic heterogenei ty 
were made through Genepop (Raymond and Rousset , 1995). 
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RESULTS AND DISCUSSION 
RESULTS AND DISCUSSION 
The results of the study are given in two parts. Part I deals 
with species specif ic and hybrid pattern of Indian ma jo r carps 
whi le part II deals with populat ion analysis in rohu. In the 
f igures given below, actual relative posit ion of bands were 
traced and plotted. In the gel prof i les, other f ragments/bands 
which showed d i f ferences between indiv iduals were also 
present, but as these f ragments varied, they were not regarded 
as the part of the species prof i le. 
Certain samples did not ampl i fy in the f irst at tempt due to 
some unknown reason which were repeated second time and 
the data of successful ampl i f icat ion, if achieved, was recorded 
in the table. However, those samples which did not ampl i fy 
even after second attempt were recorded as 'not tested ' (Nt) in 
the table. 
>; w T - 602S > 
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A: PART - I 
a. RESULTS 
The results are presented primer wise and for each primer initially the 
species specific pattern is given followed by the hybrid pattern. Based 
on the above, finally the identification of the parents of the hybrids 
has been made. As a representative profile, image of only one gel 
picture for one primer has been given even though several gels have 
been run to account for all the samples. However, the band profile 
given in the table contains data of all the samples run on total 
number of gels for each primer. The individual data for each sample is 
given in the detailed table which is appended at the end of the result 
for each primer. 
QPAl 
Species Pattern 
The total number of prominent, clear and reproducible bands are two, 
six and five for Labeo rohita, Catla catla and Cirrhinus mrigala 
respectively (Fig. 6). For the two rohu bands the size ranged from 0.83 
- 1.58 kb. For catla and mrigal it ranged between 0.83 - 3.53 kb. Of 
this, all the three species have two monomorphic bands. The total 
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number of species specific bands were 2, 5 and 4 in rohu, catla and 
mrigal respectively (Table 2, Fig. 6). The monomorphic species specific 
bands in rohu was OPA 1-7 (band size is 1.58 kb) and OPA1-12 (band 
size is between 0.83 - 0.94 kb) in catla OPAl- lO (band size is 0.94 kb 
and mrigal OPA1-2 (band size is between 2.02 - 3.53 kb) and OPA1-9 
(band size is between 0.94 - 1.37 kb). The common band between 
catla and mrigal is OPA 1-5. There were no common bands between 
rohu and catla and rohu and mrigal (Fig.7). 
Hybrid Pattern 
In the farm and wild hybrids, the total number of bands ranged from 
two to six. Unlike rohu and mrigal where atleast there were two 
monomorphic bands present in all the hybrids, none of the bands 
were present in all the individuals. Most of the bands which were 
polymorphic in catla and mrigal were totally absent (OPA 1-4) or 
present at a very low level (OPA1-1, OPA1-3, OPA1-8 and OPA1-11). 
On the other hand one of the monomorphic bands of catla (OPAl- lO) 
and rohu (OPA 1-7) were present in most of the hybrids. 
What could be inferred from the above is that in the hybrids the 
monomorphic bands of the hybrids are present at a higher frequency 
which could be the normal pattern expected in the hybrids (Table 3 ). 
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Fig. 6. Diagrammatic representation of the bands for OPA1 
(kb) 
21.22 -> 
mi 
1.58 
1.37 -> 
0.94 -> 
0.83 ~> 
0.56-> 
Marker Rohu Catla Mrigal 
2+ 
— — s*V 
7* 6 
5 »\/ 
10* 
p* II 
1 = OPA1-1 
2 = OPA1-2 
3 = OPA1-3 
4 = OPA1-4 
5 = OPA1-5 
6 = OPA1 -6 
7 = OPA1-7 
8 = OPA1-8 
9 = OPA1 -9 
10 = OPA1-10 
11 = OPA1-11 
12 = OPA1-12 
* Monomorphic Band 
V Common Band 
Marker = Lambda DNA/Eco Rl+Hind - III double digest 
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Farm Wild 
Rohu Catla Mrigal Hybrid Hybrid 
M 1 2 3 4 5 6 7 8 9 10 11 
Fig. 7 : RAPD profiles of Indian Major Carps and their hybrids for 
the primer OPA1 
Lane : M = Lambda DNA/EcoRl+Hind-III double digest, 1, 2, 3 = 
Rohu, 4, 5 = Catla , 6, 7, 8 = Mrigal, 9 = Farm hybrid (F 
811), 10,11= Wild Hybrid (H 804, H 805) 
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OPA 4 
Species Pattern 
As for OPA4, the total number of bands are 4 in Labeo rohita, 2 in 
Catla catla and 3 in Cirrhinus mrigala (Fig. 8). In the case of rohu, 
band size ranged between 0.94 - 3.53 kb whereas catla bands ranged 
from 0.94 - 1.90 kb. For mrigal the band size ranged from 0.56 - 3.53 
kb. All the three species have one monomorphic band each. The total 
number of species specific bands for rohu, catla and mrigal are 3, 2, 
and 2 respectively (Fig.8). Species specific monomorphic band for 
rohu is OPA4-6 (band size is between 0.94 - 1.37 kb) whereas for catla 
and mrigal it is OPA4-3 (band size is between 1.58 - 1.90 kb) and 
OPA4-2 (band size is between 2.02 - 3.53 kb). Rohu and catla shared 
no common bands. Also, catla and mrigal shared no common bands. 
OPA4-7 is the only common band between rohu and mrigal (Fig.9, 
Table 4). Since there is no common band between rohu and catla and 
between catla and mrigal, OPA4 acts as a good genetic marker for 
species identification. 
Hybrid pattern 
Similar to OPA1, the monomorphic bands of catla (OPA4-3) and rohu 
(OPA4-6) were present in a higher frequency. Generally the 
polymorphic band were at a lower frequency or totally absent 
(OPA4-4, OPA4-8) (Table 5). 
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Fig. 8. Diagrammatic representation of the bands for OPA4 
(Kb) 
2 1 . 2 2 - > 
?:B8=t 
1.58-> 
1.37-> 
0.94 -> 
0.83 -> 
0.56 -» 
Marker Rohu Catla Mrigal 
2* 
3* 
7V 
— 
1 = OPA4-1 
2 = OPA4-2 
3 = OPA4-3 
4 = OPA4-4 
5 = OPA4-5 
6 = OPA4-6 
7 = OPA4-7 
8 = OPA4-8 
* Monomorphic Band 
V Common Band 
Marker = Lambda DNA/Eco Rl+Hind - III double digest 
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Rohu Catla 
Farm Wild 
Mrigal Hybrid Hybrid 
Fig. 9: DNA profiles of In<iian Major carps and their hybrids for 
the primer OPA4 
Lane: M = Lambda DNA/EcoR-1+Hind-III double digest, 1,2,3 
= Rohu, 4, 5 = Catla, 6, 7, 8 = Mrigal, 9 = Farm Hybrid 
(F 810} 10, 11 = Wild Hybrid (H 801, H 803) 
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Species pattern 
The number of bands produced are 3, 2 and 6 in rohu, catla 
and mrigal respectively. Band sizes in rohu and catla ranged 
approx imate ly f rom between 0.83 - 1.90 kb, while in mrigal it 
ranged f rom 0.83 - 3.53 kb. The monomorphic bands for rohu, 
catla and mrigal are 1, 2 and 5 respectively (Fig. 10). Total 
number of species specif ic bands for rohu, catla and mrigal are 
2, 1 and 6 respectively. Species specif ic monomorphic band 
for rohu is OPA9-6 (band size is between 0.94 - 1.37 kb), catla 
OPA9-4 (band size is between 1.58 - 1.90 kb) and for mrigal is 
as fo l lows: OPA9-2 (band size is between 2.02 - 3.53 kb), 
OPA9-5 (band size is 1.58 kb), OPA9-7 (band size is between 
0.94 - 1.37 kb), OPA9-8 (band size is between 0.83 - 0.94 kb) 
and OPA9-9 (band size is between 0.56 - 0.83 kb). Common 
band between rohu and catla is OPA9-10 (band size is 
approximate ly between 0.56 - 0.83 kb) (Fig. 11, Table 6.) Rohu 
and catla have no shared band with mrigal. There fore , the 
pr imer OPA9 is chosen for dist inguishing mrigal f rom rohu and 
catla. 
Hybrid pattern 
In the farm and wild hybrids, the total number of bands 
ranged f rom two to six. The OPA9-10 is the common band 
between rohu and catla which was there in all the hybrids 
(Table 7). 
Fig. 10. Diagrammatic representation of the bands for OPA9 
(Kb) 
21.22-> 
mi 
1.58 -* 
1.37-> 
0.94-> 
0.83 -> 
0.56-> 
Marker Rohu Catla Mrigal 
s* 
9* 
ioV io*V 
1 = OPA9-1 
2 = OPA9-2 
3 = OPA9-3 
4 = OPA9-4 
5 = OPA9-5 
6 = OPA9-6 
7 = OPA9-7 
8 = OPA9-8 
9 = OPA9-9 
10 = OPA9-1Q 
* Monomorphic Band 
V Common Band 
Marker = Lambda DNA/Eco Rl+Hina - III double digest 
6 8 
Farm Wild 
Rohu Catla Mrigal Hybrid Hybrid 
M 1 2 3 4 5 6 7 8 9 10 11 
Fig. 11 : ELAPD profiles of Indian Major Carps and their hybrids for the primer 
OPA9 
Lane : M = Lambda DNA/EcoR-1+Hind-HI double digest, L, 2, 3 = Rohu 4, 
5 = Catla, 6, 7, 3 = Mrigal , 9 = Farm Hvbrid (F 811), 10, 11 = Wild 
Hybrid (H 804, H 805) 
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OPA16 
Species pattern 
For OPA16, total number of bands for rohu, catla and mrigal were 
two, two and four respectively. In the case of rohu and catla, band 
size ranged from 0.56 - 1.37 kb while for mrigal it ranged from 0.94 -
1.90 kb. Monomorphic bands for rohu and mrigal were one each while 
catla had two (Fig. 12). Rohu and catla showed one species specific 
band each while for mrigal they were four in number. Rohu did not 
show any species specific monomorphic band whereas catla and 
mrigal had one each; (OPA16-6, band size between 0.83 - 0.94 kb; 
OPA16-4, band size between 0.94 - 1.37 kb) respectively. Rohu and 
catla had OPA16-5 (band size between 0.94 - 1.37 kb) as common 
band while mrigal did not share any common band between them. 
With this primer, 1 - 3 individuals from each species and hybrids did 
not amplify (Fig. 13, Table 8). 
Hybrid pattern 
Like OPA9 the common band found in rohu and catla (OPA16-5) was 
found in all the individuals. Out of the twelve screened hybrids, in two 
there were no amplification. Unlike other primers, only three 
individuals showed mrigal bands in this primer (Table 9). 
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Fig. 12. Diagrammatic representation of the bands for OPA16 
(kb) 
2 1 . 2 2 - > 
5-14lS§=?[ 
mi 
1.58 -> 
1.37-> 
0.94 
0.83 -> 
0.56 -> 
Marker Rohu Catla Mrigal 
5 5*V 4* 
6* 
1 = OPA16-1 
2 = OPA16-2 
3 = OPA16-3 
4 = OPA16-4 
5 = OPA16-5 
6 = OPA16-6 
7 = OPA16-7 
* Monomorphic Band 
V Common Band 
Marker = Lambda DNA/Eco Rl+Hind - III double digest 
7 3 
Farm Wild 
Hofaa Catla Mrigal Hybrid Hybrid 
M 1 2 3 4 5 6 7 8 T l 0 11 
Fig. 13 : FAPD profiles of Indian Major 3arps and their hybrids for 
the primer OFA16 
Lane : M = Lambda DNA/EcoR- l+l-irid-III double digest, 1, 2, 
3 = Rohu 4, 5 = Catla, 6, 7, 3 = Mrigal , 9 = Farm 
Hybrid (F 814), 10, 11 = Wild Hybrid (H 806, H 807i 
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Species pattern 
Total bands for OPA 19 primer were two each in respect of rohu and 
mrigal and one in catla (Fig. 14). For rohu and catla the band size 
were between 0.94 - 1.37 kb whereas for mrigal it ranged between 
0.94 - 1.90 kb. One monomorphic band appeared for all the three 
species. Total number of species specific bands for rohu and mrigal 
were two each while catla had one. OPA 19-2 was the species specific 
monomorphic band for rohu, OPA19-4 for catla and OPA19-3 for 
mrigal. These three bands ranged between 0.94 - 1.37 kb. There was 
no common band between rohu, catla and mrigal. Overall in this 
primer the minimum number of bands were amplified compared to 
other primers. Taking these two factors into consideration, OPA19 can 
be treated as the most ideal primer to differentiate the three species 
(Fig. 15, Table 10). 
Hybrid pattern 
Most of the farm and wild hybrids showed species specific 
monomorphic band for catla and rohu (Table 11). 
7 7 
Fig. 14. Diagrammatic representation of the bands for OPA 19 
1 = OPA19-1 
2 = OPA19-2 
3 = OPA 19-3 
4 = OPA19-4 
5 = OPA 19-5 
* Monomorphic Band 
Marker = Lambda DNA/Eco Rl+Hind - III double digest 
7 8 
Rohu Catla M r i j a l 
Farm Wild 
Hybrid Hybrid 
( k b ) 
21.22 
5.14-4.26 
3.53 
M 1 2 3 
Fig. 15 : RAPD profiles of Indian Major Carps and "heir hybrids for 
the primer OPA19 
Lane : M = Lambda DNA/EcoR- 1+Hind-III doubJe digest, 1, 2 = 
Rohu 3, 4 = Catla, 5, 6, 7 = Mrigal, 8 = Farm Hybrid 
(F 810), 9 = Wild Hybrid (H 801) 
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QPA20 
Species pattern 
Rohu, catla and mrigal showed five, three and one clear, discernible 
and reproducible bands respectively. In the case of rohu, band size 
ranged from 0.83 - 2.02 kb. Catla bands ranged from 0.56 - 1.90 kb, 
while in mrigal, bands were of 1.37 kb. Rohu and mrigal showed one 
monomorphic band each, while catla showed two of them. In respect 
of total number of species specific bands rohu yielded four, catla two 
and mrigal one (Fig 16). OPA20-1 (2.02 kb), OPA20-2 (1.58 - 1.90 kb) 
and OPA20-5 (1.37 kb) appeared as species specific monomorphic 
band for rohu, catla and mrigal respectively. Rohu and catla shared 
one common band OPA20-7 (band size 0.94 - 1.37 kb), whereas 
mrigal had no common band with others. OPA20, therefore, is an 
ideal primer to differentiate mrigal from others (Fig. 17, Table 12). 
Hybrid pattern 
Similar to primer OPA9 and OPA 16, the common bands between rohu 
and catla were present in most of the hybrids. Species specific 
polymorphic bands of rohu and catla (OPA20-3, OPA20-6, OPA20-8) 
were totally absent in all the hybrids (Table 13). 
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Fig. 16. Diagrammatic representation of the bands for QPA20 
(kb) 
21.22 -> 
5AA-ilU[ 
mi 
1.58-> 
1.37 -> 
0.94 -> 
0.83 -> 
0.56 -> 
Marker Rohu Catla Mriqal 
]* 
2+ 
7 >1 1* 
1 = OPA20-1 
2 = OPA20-2 
3 = OPA20-3 
4 = OPA20-4 
5 = OPA20-5 
6 = OPA20-6 
7 = OPA20-7 
8 = OPA2Q-8 
* Monomorphic Band 
a/ Common Band 
Marker = Lambda DNA/Eco R l + H i n d - I I I double digest 
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Fanr Wild 
Rohu Catla Mrigal Hybrid Hybrid 
Fig. 17 : RAPD profiles o: Indian Major Carps and their hybrids for 
the primer OPA 20 
Lane : M = Lambda DIVA/EcoR-l+Hind-III double diges.. 1, 2, 3 = 
Rohu 4, 5 = Cada, 6, 7, 8 = klrigal . 9 = Farm Hybrid 
(F 811), 10, 11 = Wild Hybrid (H 804, H 8C5) 
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Comparison of the primers 
Generally, in mrigal species yielded 2-6 bands in all the primers 
except OPA20 which gave only one band. On the other hand in catla, 
all the primers gave 1-2 bands except OPA1 which yielded six bands. 
Of the six primers screened three (OPA9, OPA 16 and OPA20) had one 
common band between rohu and catla. In OPA1 there was a common 
band between catla and mrigal and in OPA4 one common band 
between rohu and mrigal. As already indicated, all the three species 
can be easily differentiated with OPA 19 primer. When comparing all 
the six primers it is observed that the least number of bands (one to 
two) were amplified by the primer OPA 19 and maximum bands by 
OPA1 (2 to 6). Generally more bands were amplified in mrigal. The 
largest number of monomorphic bands were amplified by OPA9 and 
polymorphic bands by OPAl . 
Species specific patterns 
In all the six primers species specific bands were observed. In 
rohu, the total number of species specific bands ranged from 1 
to 4; in catla they were from 1 to 5 and in mrigal from 1 to 6 
except with respect to mrigal for OPA9, where there were five 
monomorphic species specific bands; for the rest of the species 
and primers only one or two monomorphic band was observed. 
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Identification of Hybrids 
In all the hybrids whether they are from the farm or the wild, 
the rohu-catla bands were present. In four of the farm hybrids 
(FH 810, FH 814, FH 815, FH 816) and five of the wild hybrids 
(WH 801, WH 806, WH 807, WH 808, WH 809) mrigal bands 
were also present, indicating that these could represent a 
cross between a rohu-catla hybrid with mrigal. Of the nine 
individuals showing mrigal bands, the individuals WH 806, 
WH 808, WH 809, show a higher percentage of mrigal bands 
with three to five primers ampli fying mrigal bands with these 
hybrids. The remaining hybrids FH 810, FH 811, FH 814, FH 
815, FH 816, WH 801, WH 804, WH 805, WH 807, had the 
hybrid pattern of rohu-catla. 
The unequal representation of rohu/catla/mrigal band with 
the hybrids could either reflect that these individuals were not 
F1 hybrids, but could be hybrids which have back crossed 
with either of rohu/catla/mrigal (WH 806) (Table 14). 
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b. DISCUSSION 
Species Identi f ication 
It is now we l l -documented that genet ic variat ion determined 
in f i shes is valuable in aquaculture and f isher ies 
management for ident i f icat ion of stocks, in discrete 
breeding populat ions and for est imating contr ibut ion to 
stock mixtures. Moreover, an e f f ic ient use of biological 
resources requires a thorough knowledge of the amount and 
d is tr ibut ion of genetic variabi l i ty within the species of 
interest . General ly , indiv iduals with greater genet ic 
var iabi l i ty have higher growth rates, deve lopmenta l 
stabi l i ty, viabi l i ty, fecundity and res istance to 
env i ronmenta l stress and diseases (Carvalho, 1993). In 
cul tured f ishes, which are selectively bred and maintained 
at low populat ion sizes, indiv iduals may be subjected to the 
de le ter ious e f fec ts of inbreeding because potent ia l mates are 
more l ikely to be closely related. Also, inbreeding may 
further reduce reproduct ive success. Such genet ic issues 
9 0 
are also central to the management of endangered 
popula t ions that are most susceptible to detr imenta l genet ic 
e f fects , both in terms of loss of genetic var iat ion and 
potent ia l for inbreeding (Wright, 1993). There fore , 
knowledge of genet ic variat ion in cultured and natural 
popula t ions is important for the success of acquacul tura l 
and f i sher ies management pract ices. 
DNA f ingerpr int ing techniques are extremely e f f ic ient for 
detect ion of molecular genet ic markers that may be uti l ized 
for spec ies ident i f icat ion. In the present study RAPD 
f ingerpr int ing was appl ied to screen genetic markers which 
are spec ies speci f ic for the three selected species of Indian 
major carps viz. catla, rohu and mrigal. 
One of the most s igni f icant outcome of the present study is 
to obta in highly species speci f ic pattern in these three 
important ma jor carps viz. catla, rohu and mrigal employ ing 
the RAPD-PCR approach. Such attempts by an earlier 
worker in the same f ishes using speci f ic DNA probes have 
not y ie lded a clearly discernible pattern in these f ishes. For 
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example Ma jumdar et al. (1997) studied catla, rohu and 
t i lapia using Bkm and M13 probes. In their study similar 
DNA f ingerpr ints emerged for rohu and catla but the bands 
produced were of poor resolut ion and were not 
d is t inguishable . 
In the present study six pr imers y ie lded desired results for 
spec ies ident i f icat ion. Out of them OPA19 and OPA4 were 
the ideal pr imers to dist inguish these three species of 
Indian major carps. This is because OPA19 had no common 
band among the three species and for OPA4 which had only 
one common band. We were also able to d i f f erent iate mrigal 
f rom rohu and catla using OPA9. Another pr imer OPA20 can 
also be used as a good genetic markers for ident i f icat ion of 
mrigal since it does not share any common band with other 
spec ies for this primer. 
We have also observed that for the ident i f icat ion and further 
con f i rmat ion of results of one species, a combinat ion of two 
markers has become necessary. For instance, whi le pr imers 
OPA 19 and OPA4 can be util ized to ident i fy all the three 
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species of Indian major carps separately, however , if only 
mrigal needs to be identi f ied from the others, a combinat ion 
of OPA9 and OPA20 is recommended as a conf i rmatory test. 
It is often observed that in RAPD f ingerpr int ing runs the 
risk of mis interpretat ion in a genetic analys is of d i f ferent 
RAPD f ragments/bands having similar size. This, however, 
can be minimized by the use of several RAPD pr imers so 
that the genet ic analyses are based on a large number of 
pooled RAPD markers (Bidochka et al., 1994). 
In this study mainly two types of bands i.e. monomorph ic 
and/or po lymorphic bands were observed and recorded. The 
monomorph ic bands are present in all the ind iv iduals of a 
part icular species at a part icular loci whi le po lymorphic 
bands are present in certain indiv iduals of the same species 
but absent in others at the same locus. Among the three 
spec ies of Indian major carps if a part icular monomorph ic 
band of a part icular species is not present in the other two 
species , it is regarded as species speci f ic monomorphic 
band. Such species speci f ic monomorphic bands are the 
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most impor tant genetic marker to d i f ferent iate the species. 
In this study a total of 23 species speci f ic monomorph ic 
bands were obtained, whi le in the study conducted by 
Dinesh et al. (1996) in three species of t i lapia for est imat ing 
genet ic variat ion and species di f ferent iat ion, they could 
ident i fy a total of only 13 species speci f ic bands. 
Further , if a part icular polymorphic band of a part icular 
spec ies is not present in the other two species then it has 
been designated as species speci f ic po lymorphic band. 
However , these species speci f ic po lymorphic bands are 
cons idered to be of secondary importance as compared to 
spec ies speci f ic monomorphic bands in d is t inguishing 
species. In this study a total of 22 spec ies speci f ic 
po lymorphic bands were obtained whereas, Dinesh et al. 
(1996) could detect much less number (13) of po lymorphic 
bands among the three species of t i lapia. 
A third type of observed bands are common bands which are 
shared or found at the same locus between indiv iduals of 
d i f f erent species. As these bands are of the same molecular 
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weight , they co-migrate at the same level and are d i f f icul t to 
separate out. Hence these common bands are of least 
impor tance for species specif ic studies. The observed 
common bands in this study may be due to the similarity in 
the chromosome number and/or due to their conserved 
sequences among the three species of Indian ma jo r carps. 
This also leads to the important conclusion that they might 
share a common phylogenet ic history. 
The length and the choice of the pr imers in RAPD studies 
has also been an area of considerable s igni f icance. It is 
genera l ly agreed that the number of f ragments formed 
depends on the length of the primer and the complex i ty of 
DNA. Longer pr imers give fewer bands than shorter pr imers, 
and ten nucleot ides being about optimal for organ isms with 
genomes as complex as that of zebraf ish (Johnson et al., 
1994; Post lethwait et al., 1994). In view of the above fact we 
have also chosen only decamer (ten neucleot ide) pr imers in 
our study. 
9 5 
Our choice of such speci f ic length of pr imers f rom kit-A of 
Operon Technolog ies , U.S.A. is highly v indicated by the 
exper ience of earl ier researchers like Jayasankar and 
Dharmal ingam (1997), who conducted RAPD in Indian 
mackere l (Rastre l l iger kanagurta) and king seer 
(Scomberomorous commerson). They tested pr imers having 
var ious G + C content and from di f ferent kits. Better 
pe r f o rmance of pr imers f rom kit-A in terms of greater 
percentage of templates ampl i f ied and more number of loci 
generated , could be attr ibuted to their higher G + C 
content . 
Another noteworthy feature of this study is the use of 
comparat i ve ly few number of pr imers to achieve the better 
reso lut ion in larger number of f ish species as is evident 
f rom the fact that jus t six d i f ferent pr imers could dec ipher 
the species speci f ic prof i le in three d i f f e rent species of 
Indian major carps. In an another study conducted by Elo 
Kari et al. (1997), out of forty primers tested, only three of 
them produced screenable and reproducible DNA markers 
which were able to dist inguish non anadromous salmon and 
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brown trout. Cal le jas and Ochando (2002) used ten RAPD 
markers to est imate the populat ion structure and 
phy logenet ic re lat ionships among the di f ferent spec ies of 
the genus Barbus which belong to the same fami ly of 
Cypr in idae as chosen for this study. 
It is c lear f rom the above discussion that RAPD is by far the 
most rewarding approach for obtaining unique banding 
pat tern in d i f ferent species. This study on Indian major 
carps can be added to the exist ing l i terature on subspec ies 
ident i f i cat ion of t i lapia (Bardakci and Skibinski , 1994), 
e ight d i f f erent species (i.e. Barramundi , Nile perch, John 
dory, Mirror dory, Silver dory, Spikey oreo, Warty oreo and 
Smooth oreo) of f ish (Partis and Wells, 1996) and four 
spec ies of Mull idae family (Mamuris et al., 1999). 
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Ident i f icat ion of hybrids 
Based on the data generated in the present study, it has been 
shown for the f irst t ime that RAPD markers can be used to 
correct ly ident i fy the hybrids among the three species of 
Indian ma jo r carps. Earlier, Padhi and Mandal (1996), 
a t tempted to ident i fy the hybrids of Indian ma jo r carps by 
using a cumbersome methodo logy of nuclear DNA RFLP which 
required hybr id izat ion with a speci f ic probe preceded by 
restr ict ion digest ion and fo l lowed by autorad iography. This 
method resulted in the product ion of high molecular weight 
bands which fai led to clearly demarcate cat la-rohu hybrid. 
However in our study, a simple, cost e f fect ive method of 
RAPD-PCR resulted in the better demarcat ion of these 
hybr ids. Whi le the study of Padhi and Mandal (1996) covered 
only farm stock for detect ing hybridizat ion, the present study 
was extended to both in hatcher ies as well as among wild 
populat ions . 
Campton (1987) pointed out that the hybr id izat ion appears to 
be rare among tropical f ishes that inhabit more stable 
env i ronments . He attr ibuted the cause of hybr id izat ion to 
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natural and man- induced changes in env ironmenta l 
condi t ions. Even though India is a tropical country , the 
inc idence of the hybridizat ion among Indian ma jo r carps is 
well establ ished in present study. The ever increas ing man-
induced changes or anthropogenic factors in Indian r iverine 
ecosystem may possibly account for this. The presence of 
large number of hybrids in stable water bodies, where the 
inter ference by the man made factors in this r iver ine ecology 
is not evident, has remained a matter of considerable 
speculat ion and may be traced to either the accidental 
escapes of the hybrids f rom the nearby hatcher ies or 
inadver tent introduct ion of exotic species. The above 
assumpt ion has been conf i rmed by the Nat ional Bureau of 
Fish Genet ic Resources (NBFGR, India) team when they 
detected a large number of hybrids from the Rapti river 
natural col lect ion, an important Indian r iverine system. Later 
enquires revealed that there had been escapes of adult Indian 
major carps f rom a hatchery nearby (S .K.Sr ivasthava Per. 
Comm.) . The present study has clearly brought out that the 
inc idence of hybrids is high in hatchery stocks. This high 
hybr id percentage could have originated f rom the mixed 
breeding pract ices adopted in the hatcheries. The potential 
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damage to wild germplasm is high as ev ident f rom the 
occurrence of these hybrids in wild col lection. 
General ly , in all the hybrids of the Indian ma jo r carps, both 
monomorph i c and polymorphic species speci f ic bands were 
present. The expression of rohu/cat la/mriga l bands was not 
dependent on the primer. For the same indiv idual whi le one 
pr imer ampl i f i ed band of one species another pr imer ampl i f ied 
for another species. No speci f ic re lat ionship between the 
pr imer and ampl i f icat ion of the band of a part icular species 
was observed . In the present study, some rohu-cat la hybrids 
with mriga l bands have also been observed which may be the 
progeny of F2 generat ion. This establ ishes that hybr ids of Fi 
generat ion of Indian major carps are fert i le. The presence of 
fert i le hybr ids in Fi generat ion have also been reported by 
Campton (1987) and Purdom (1993). 
The Indian major carps hybridizat ion may also mani fes t its 
e f fect on the feeding behaviour of the species which are the 
sub jec t matter of this study, which feed on d i f f e rent co lumns. 
Catla on surface, rohu predominant ly a co lumn or mid- feeder 
whereas mrigal is a bottom feeder. An interest ing possibi l i ty 
for luxur iance or hybrid vigour which might have practical 
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appl icat ion is that the hybrid between two species with 
d i f ferent feeding habits might inherit the potential of both and 
widen its dietary pre ferences (Purdom, 1993). Thus this study 
which is based on RAPD thus provided a va luable tool for 
ident i f y ing such hybrids may be uti l ized for aquacul tura l 
p rog rammes to exploit full dietary potential of the native 
water bodies. 
In conc lus ion it can be stated that RAPD markers have 
revealed a clear appl icat ion to ident i fy putat ive hybrid 
ind iv iduals of Indian major carps. It has also shown that Fi 
generat ion hybrids are potential ly ferti le as is revealed by the 
presence of hybrids having bands which are present in all the 
three species of catla, rohu and mrigal. This study has 
c lear ly laid the foundat ion to carry out laboratory exper iments 
on hybr id izat ion between d i f ferent species, test fert i l i ty 
potent ia l of the hybrids thus obtained and check the 
appl icabi l i ty of the RAPD primers evolved f rom the present 
study. This will not only conf i rm the results of the present 
study that will also provide valuable tool in the hands of 
f i shery scientists. 
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B: PART - II 
a. RESULTS 
Population analysis in rohu 
Out of the total 20 primers tested, nine were found to give clear 
scorable and polymorphic bands which were used in the present 
study. Only a few representative gel pictures for primers OPA4, OPA9, 
OPA14, OPA 15 and OPA17 have been given in Figs. 18-22 whereas, 
the data for all the primers is contained in table 16. 
The details of the sequence of these nine primers are given below in 
Table-15. 
Table-15 
SI. No. Primer 5mer - 3mer Sequence 
1 OPA1 CAGGCCCTTC 
2 OPA4 AATCGGGCTG 
3 OPA7 GAAACGGGTG 
4 OPA9 GGGTAACGCC 
5 OPA 12 TCGGCGATAG 
6 OPA 14 TCTGTGCTGG 
7 OPA 15 TTCCGAACCC 
8 OPA 17 GACCGCTTGT 
9 OPA2Q GTTGCGATCC 
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Primer wise comparison 
The total number of bands, number of polymorphic bands and 
the name of polymorphic bands for each primer has been 
summarized in Table 16. The perusal of this table reveals that 
total number of bands ranged between 5-6 in all primers except 
in OPA12 which yielded 9 bands. Further, total number of 
polymorphic bands ranged between 2-7. Level of polymorphism 
as derived from the frequency of dominant alleles at each locus 
in both the populations of CIFA selected and CIFA control stocks 
has been detailed in Table 17. 
OPA1 
There were a total of six bands of which four bands were 
polymorphic (OPAl-3 , OPAl -4 , OPAl -5 , OPA l -6 ) (Table 16). 
Except band OPA l -6 , the level of polymorphism was more or less 
similar in both the populations. For OPAl -6 , while it was fixed 
in control population, in the selected population it was 
polymorphic (Table 17). For OPA1, the band sizes ranged from 
0.83 - 3.53 kb. 
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OPA4 
Of the five bands present four were polymorphic (OPA4-2, OPA4-
3, OPA4-4, OPA4-5) (Fig. 18, Table 16). For OPA4-3 (band size 
1.37 kb) and OPA4-4 (band size between 0.94 - 1.37 kb), it was 
fixed for the control population while it was polymorphic for the 
selected population (Table 17). In the case of OPA4, the band 
sizes ranged from 0.94 - 3.53 kb. 
OPA7 
Out of the total six bands, three were polymorphic (OPA7-3, 
OPA7-4, OPA7-5) (Table 16). Of the three loci which were 
polymorphic, OPA7-5 was fixed in the control population while in 
the selected population it was polymorphic but at very low level 
(Table 17). 
OPA9 
Out of the six bands, two were polymorphic (OPA9-4 and OPA9-
6) (Fig. 19, Table 16). For both the control and the selected 
population the level of polymorphism was same (Table 17). In 
respect of OPA9, the sizes of the bands ranged from 0.56 - 1.37 
kb. 
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OPA 12 
There were total of nine bands, of which seven were polymorphic 
(OPA 12-3, OPA 12-4, OPA12-5, OPA12-6, OPA12-7, OPA12-8 and 
OPA12-9) (Table 16). For all the seven polymorphic loci the level 
of polymorphism was similar in both the populations (Table 17). 
OPA14 
Out of the total five bands, three were polymorphic (OPA14-2, 
OPA 14-4, OPA14-5) (Fig. 20, Table 16). Of the three polymorphic 
OPA14-3 (band size 0.94 - 1.37 kb) was fixed for the control and 
polymorphic in the selected population (Table 17). With regard to 
OPA 14, the sizes of the bands ranged between 0.56 - 1.58 kb. 
OPA15 
There were five bands out of which two OPA15-3 (band size 0.94 
kb) and OPA15-5 (band size 0.83 kb) were polymorphic (Fig. 21, 
Table 16).' The levels of polymorphism in both the population for 
the polymorphic loci was almost similar (Table 17). As for 
OPA15, the band sizes ranged from 0.56 - 1.37 kb. 
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OPA17 
Total bands were six of which, five bands were polymorphic 
(OPA17-2, O PA 17-3, OPA17-4, OPA17-5, OPA17-6) (Fig. 22, 
Table 16). Of the five polymorphic loci, the level of polymorphism 
between both the populations was more or less similar except for 
OPA17-4 (band size 0.94 - 1.37 kb), which was fixed in the 
selected population (Table 17). For OPA17, the band sizes ranged 
from 0.56 - 1.90 kb. 
OPA20 
Out of the total five bands, two (OPA20-3, OPA20-4) were 
polymorphic (Table 16). Both the polymorphic loci had more or 
less similar levels of polymorphism in both the populations 
(Table 17). As in OPA20, the band sizes were within the range of 
0.83 - 3.53 kb. 
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Table 16. Number of total and polymorphic bands with nine 
RAPD primers in the populations of Labeo rohita 
Name of the primer 
i 
Total no. of bands Total no. of 
polymorphic bands 
Name of the 
polymorphic bands 
OPA1 6 4 
i 
OPAl-3 
OPAl-4 
OPAl-5 
OPAl-6 
OPA4 5 4 
OPA4-2 
OPA4-3 
OPA4-4 
OPA4-5 
OPA7 6 3 
OPA7-3 
OPA7-4 
OPA7-5 
OPA9 6 2 
OPA9-4 
OPA9-6 
OPA12 
t 
i 
9 7 
OPA]2-3 
OPA12-4 
OPA12-5 
OPA12-6 
OPA12-7 
OPA12-8 
OPA12-9 
I 
OPA14 5 3 
OPA14-2 
OPA14-4 
OPA14-5 
OPA15 5 2 
OPA15-3 
OPA15-5 
OPA17 6 5 
OPA17-2 
OPA17-3 
OPA17-4 
OPA17-5 
OPA17-6 
OPA2Q 5 2 
OPA20-3 
OPA2Q-4 
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Table 17. Frequency of dominant alleles at each locus for CIFA-
selected and CIFA-control stocks of Labeo rohita 
Locus 
Populat ion 
C I F A C I F A 
selected control 
OPA 1-1 1.0000 1.0000 
(N)* (44) (10) 
OPA 1-2 1.0000 1.0000 
CN) (44) (10) 
OPA 1-3 0.4773 0.6500 
(N) (44) (10) 
OPA1-4 0.3750 0.3000 
CN) (44) (10) 
OPA1-5 0.4545 0.4500 
fN) (44) (10) 
OPA1-6 0.8295 1.0000 
. _ i H I _ (44) (10) 
OPA4-1 1.0000 1.0000 
(N) (50) (14) 
OPA4-2 0.1625 0.3571 
(N) (40) 04) 
OPA4-3 .5500 1.0000 
(N) (50) (14) 
OPA4-4 0.8400 1.0000 
(N) (50) (14) 
OPA4-5 0.4700 0.4643 
(N) (50) (14) 
OPA7-1 1.0000 1.0000 
(N) (48) (10) 
OPA7-2 1.0000 1.0000 
(N) (48) (10) 
OPA7-3 0.5625 0.4500 
(NJL_ (48) (10) 
OPA7-4 0.2188 0.1667 
(N) (48) (9) 
OPA7-5 0.0833 1.0000 
(N) (48) (10) 
(N)*represents sample size which is indicated within brackets for each locus 
Contd 
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(Table J 7 Contd. From pre-page) 
Locus 
Population 
C I F A selected C I F A control 
OPA7-6 1.0000 1.0000 
(N) f48) (10) 
OPA9-1 1.0000 1.0000 
(N) (47) (14) 
OPA9-2 1.0000 1.0000 
(N) (41) (14) 
OPA9-3 1.0000 1.0000 
(N) (47) (14) 
OPA9-4 0.5326 0.4643 
(N) (46) (14) 
OPA9-5 1.0000 1.0000 
(N) (47) (14) 
OPA9-6 0.0638 0.0714 
(N) (47) (14) 
OPA12-1 1.0000 1.0000 
(N) (41) (8) 
OPA12-2 1.0000 1.0000 
(N) (41) (8) 
OPA12-3 0.0976 1.1250 
(N) (41) (8) 
OPA12-4 0.4875 0.6250 
rN) (40) (8) 
OPA12-5 0.2024 0.1250 
(N) (42) (8) 
OPA12-6 0.2805 0.3750 
(N) (41) (8) 
OPA 12-7 0.5610 0.6250 
(N) (41) (8) 
OPA 12-8 0.7625 0.6250 
(N) (40) (8) 
OPA12-9 0.4146 0.5000 
(N) (41) (8) 
OPA14-1 1.0000 1.0000 
(N) (41) (11) 
OPA14-2 0.4146 0.2727 
(N) (41) (11) 
OPA14-3 0.8333 1.0000 
(N) (42) (11) 
OPA14-4 0.0476 0.1364 
(N) (42) n n 
OPA 14-5 i 0.4405 0.5500 
(N) 1 (42) (10) 
Could. 
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(Table 17 Contci. from pre-page) 
Population 
Locus 
C IFA selected C I F A control 
OPA 15-1 1.0000 1.0000 
(N) (44) (8) 
OPA 15-2 1.0000 1.0000 
(N) (44) (8) 
OPA15-3 0.3750 0,3750 
(N) (44) (8) 
OPA 15-4 1,0000 1.0000 
(N) (45) (8) 
OPA 15-5 0.1932 0,3125 
(N) (44) (8) 
OPA 17-1 1.0000 1.0000 
(N) (22) (8) 
OPA 17-2 0.5682 0.3750 
(N) (22) (8) 
OPA 17-3 0.6818 0.6250 
(N) (22) (8) 
OPA 17-4 1.0000 0.6250 
fN) (21) (8) 
0PA17-5 0.4318 0.3125 
(N) (22) (8) 
OPA 17-6 0.5682 0.6250 
(N) (22) (8) 
OPA20-1 1.0000 1.0000 
(N) (44) (16) 
OPA20-2 1.0000 1.0000 
CN) (45) (16) 
OPA20-3 0.4773 0.5000 
(N) (44) (16) 
OPA20-4 U.JJ J J 0.2188 
(N) (45) (16) 
OPA20-5 1.0000 1.0000 
(N) (44) (16) 
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Rohu 
M 1 2 3 4 5 6 7 8 9 10 11 
( k b ) 
21.22-H 
5.14-4.26 
3.53—>1 
0.56-> 
Fig. 18 : RAPD profile of Labeo rohita for the primer 
OPA4 
Lane : M = Lambda DNA/EcoRl+Hind-III double digest, 
1 to 11 = Rohu 
111 
Rohu 
M 1 2 3 4 5 6 7 8 9 10 11 
5.14 
Fig. 19 : RAPD profile of Labeo rohita for the primer 
OPA9 
Lane : M = Lambda DNA/EcoRl+Hind-III double 
digest, 1 to 11 = Rohu 
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Rohu 
5.14 
Fig. 20 : RAPD profile of Labeo rohita for the primer 
OPA 14 
Lane : M = Lambda DNA/EcoRl+Hind-III double 
digest, 1 to 11 = Rohu 
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Rohu 
M 1 2 3 4 5 6 7 8 9 10 11 
5.14 
Fiig. 21 : RAPD profile of Labeo rohita for the 
primer OPA 15 
Lime : M = Lambda DNA/EcoRl+Hind-III double 
digest, 1 to 11 = Rohu 
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Rohu 
M 1 2 3 4 5 6 7 8 9 10 11 
Fig. 22 : RAPD profile; of Labeo rohita for the 
primer OPA 17 
Lane : M = Lambda DNA/EcoRl+Hind-III double 
digest, 1 to 11 = Rohu 
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Polymorphism in two groups 
At the probability value 0.95 (Table-18) selected group of CIFA 
samples showed 58.49% polymorphic loci whereas control group 
showed 52.83%. Further, at the probability value 0.99, selected 
group of CIFA samples showed 60.38% polymorphic loci whereas its 
control group samples showed 52.83%. Polymorphic loci (%) are 
marginally different between the two groups (Table-18). 
Table 18. Polymorphism (%) in L.rohita belonging to selected 
and control group of CIFA samples for RAPD loci 
Samples Polymorphic loci (%) 
P (0.95) P (0.99) 
CIFA-S 58.49 60.38 
CIFA-C 52.83 52.83 
Genetic divergence among the selected and control groups 
Significant allelic heterogeneity is indicated when RAPD frequencies 
are analyzed over all the groups of Labeo rohita samples ( p<0.0001). 
Out of 53 loci, 32 tests were possible. The test for 29 were significant 
( p<0.05) after Bonferroni's adjustment for simultaneous test. 
116 
The data was further analysed to find the loci having significant allelic 
heterogeneity between two groups of samples (Table 19). 
The CIFA samples of selected, and control groups are differentiated at 
6 RAPD loci. The allele frequencies and heterozygosities indicate that 
the selection process causes significant increase or decrease in allelic 
frequencies and heterozygosities level at these loci (Table 20). 
The differences in allelic frequencies (Table 16 and 20) due to selection 
process indicate the possibility of using certain loci as genetic tags for 
marking individuals or group of individuals/subpopulations through 
future selection process. The changes observed are as follows. 
(i) At loci OPA 17-4, where dominant allele frequencies increased 
to 1.0, it may be possible to use it as genetic tag for selected 
group of individuals. 
(ii) At loci OPAl-6, OPA4-3, OPA4-4, OPA7-5, OPA14-3, there is 
significant reduction in allelic frequencies in selected while it 
is fixed in control group. The recessive allele in control group 
may be in very low frequencies which may not have been 
detected in the samples studied. Thus in future selections, 
there may be further decrease in allelic frequencies, thus 
resulting in fixation at the alternate (recessive) allele, which, 
may be used as individual tags on the basis of its absence. 
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Table 19. Allele heterogeneity pairwise comparison of RAPD loci. 
The significant differences are marked (**) with 
bonferroni's adjustment and (*) without adjustment. 
Pairs RAPD loci 
CIFA-S/CIFA-C OPA4-3**, OPA4-4*, OPA14-3*, OPA17-4** 
Table 20. Frequency of dominant allele at six RAPD loci 
exhibiting significant heterogeneity between selected 
and control groups. 
Loci CIFA-S CIFA-C 
OPA 1-6 0.8295 1.0000 
OPA4-3 0.5500 1.0000 
OPA4-4 0.8400 1.0000 
OPA7-5 0.0833 1.0000 
OPA 14-3 0.0833 1.0000 
OPA17-4 1.0000 0.6250 
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b. DISCUSSION 
Popu la t i on analysis in farm stocks of rohu 
Proper managemen t and breed ing p rog rams have to be 
imp l emen t ed to preserve genet ic var iab i l i t y and prevent 
inb reed ing depress ion on that might resul t f r om the present 
state of unp lanned breed ing in carps par t i cu la r l y rohu. 
However , to carry out such p rog rammes , in f o rmat i on on the 
gene t i c r e la t i onsh ips among these cu l t i va ted var i e t i es is of 
f undamen ta l impor tance . 
In the present study RAPD f ingerpr in t ing was used to se lect 
brood s tocks with low genet ic s imi lar i ty for in t roduct ion to 
ex i s t ing s tocks in f ish farms. This wi l l increase genet ic 
var iab i l i t y and thus mainta in genet ic d i ve rs i t y in these 
s tocks . Th is study also g ives an ins ight to de tec t changes in 
genet i c var ia t ion of rohu stocks ex tended over a long t ime 
per iod . For rohu where there is a repor ted high level of 
inbreed ing wi th in stocks, such inbreed ing can be lowered by 
ou t c ross ing and pedigree mat ing with the s tocks f rom other 
f a rms . Farm popu la t i ons of rohu f rom se lected and control 
g r oup of Centra l Inst i tute of Fresh Wate r Acquacu l tu r e 
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(CIFA) were studied for genet ic d i ve rgence and 
he te rogene i t y . Out of the 20 pr imers tested 9 produced 
po l ymorph i c bands of good qual i ty uncover ing 32 re l iab le 
po l ymorph i c loci . B ie lawski and Pumo (1997) in a s imi lar 
type of s tudy on genet ic d ivergence in At lant ic Coast str iped 
bass obta ined 31 po lymorph ic bands out of the 5 pr imers 
se lec ted . 
The p resen t study has c lear ly brought out that the process 
of se lec t ion leads to d ivergence in the genet ic pro f i l es . The 
d i v e rgence has been of two k inds with one of the loci being 
f i xed in the se lected popula t ion . The other set of dev ia t i ons 
was reduct ion in al le le f r equenc i es for loci that are f ixed in 
the contro l group. The locus that has got f i xed in the 
se lec ted populat ion (OPA17-4) can be ut i l i zed as a genet ic 
tag for the se lected group of ind iv iduals . 
Fe rguson and Danzmann (1998) po inted out that knowledge 
of l inkage assoc ia t i ons between marker loci and quant i ta t i ve 
tra i t loci (QTL) can be integrated into se lec t ive breed ing 
p rog rams based on b iometr ica l methods . Such an approach , 
t e rmed marker -ass i s t ed se lect ion (MAS) , is expec ted to 
increase genet ic response by a f f ec t ing in tens i t y and 
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accuracy of se lect ion. Accord ing to them, f ish wi th a 
par t i cu la r g eno type/QTL combinat ion assoc ia ted wi th a 
des i rab l e phenotyp i c e f f ec t can be used for breed ing . 
Such a f ind ing was substant ia ted by Cur ts inger et al. (1998) 
in a s tudy done in Drosophila melanogaster wi th two 
se lec ted and contro l l ines for al le l ic f r equency d i f f e r ences 
us ing RAPD markers . Genet ic d ivergence was observed 
be tween the se lected and contro l l ines. A par t i cu la r marker 
a l le le accounted for a 12 day l i fe span ex tens ion in males. 
Th is se lec t ion response in males can be exp la ined by the 
iden t i f i ed QTL. In our study also al le le f r equency d i f f e r ences 
due to se lec t ion process were detected and these loci can be 
used as genet ic tags for e f f ec t i ve form managemen t . 
A s tudy was conducted by Dong and Zhou (1998) in three 
var i e t i es of common carp (C y p r i n u s carpio), viz., X ingguo red 
carp, German mirror carp and Russs ian mirror carp all of 
wh ich fo rm part of the Cypr in idae fami ly wh ich is the same 
fami l y as chosen for the present study. The main f ind ing 
w a s that the genet ic d is tance between X ingguo red carp and 
Russ ian mirror carp was the far thest . The hybr id genera ted 
by var i e t i es with a far ther genet ic d is tance has h igher 
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hete ros i s . There fo re , the in ference is l eg i t imate that the 
he t e ros i s be tween X ingguo red carp and Russ ian mir ror carp 
is the h ighest . This f ind ing fac i l i ta tes enhanc ing the qual i ty 
of f a rmed f ish as is the case with our s tudy which is 
p r imar i l y a imed at improv ing qual i ty of f a rmed stock 
through marker ass is ted se lect ion. 
The f i nd ings of the present study assumes cons iderab l e 
s i gn i f i c ance in view of the fact that there are re la t i ve ly less 
n u m b e r of s tudies on the genet ic d i ve rgence between 
se lec ted and contro l g roups in f i shes wi th r espec t to RAPD 
marke rs . Dinesh et al. (1993b) have also c lear ly shown that 
there is genet ic d ivergence as revealed by RAPD markers , 
when wi ld f o rms are compared with cu l t i va ted var ie t i es of 
o rnamen ta l f i shes . (Dinesh et.al . , 1993b). 
On the other hand, se lect ive breed ing may lead to high level 
of inbreed ing and loss of genet ic var iab i l i ty as has happened 
in some of the S ingapore f a rms where Guppy f a rmers reared 
o rnamenta l var ie t i es independent l y f o rming the i r own stocks 
f rom a small number of f ounder stock. Fan et al. (1996) 
s tudied this phenomenon with the help of RAPD and came to 
the conc lus ion that se lect ive breed ing leads to high genet ic 
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s imi la r i t y due to inbreed ing . In our study, on the other hand 
se lec t ion resu l ted in d ivergence , this might be due to the 
fac t that the se lected stock had been sc ient i f i ca l l y bred f rom 
a f ounde r stock of w ider gene pool . 
The f ind ing that loss of genet ic var iab i l i t y among the 
cu l t i va ted var ie t i es of f ish is fur ther au thent i ca ted in an 
e xpe r imen t conducted by Koh et al. (1999) where they 
d i scove red in an aquar ium f ish that the gene pool of 
cu l t i va t ed var ie t i es of Discus was much smal ler than that of 
the i r wi ld forms. In order to increase the level of genet ic 
var iab i l i t y , outcross ing with the wi ld f o rms was 
r e commended . 
Sc r een ing wi th the large number of RAPD loci , Cur ts inger et 
al. (1998) observed s ign i f i cant f r equency d i f f e r ences in 23 
marker loci be tween se lected and contro l l ines of Drosophila 
melanogaster.The above f ind ing has also been cor robora ted 
in the present study on Indian ma jo r carps. The conc lus ions 
drawn f rom the present study are that even w i th in a short 
per iod of se lect ion genet ic d ivergence wil l be pa ten t and that 
RAPD markers are able to quant i f y this d i ve rgence . These 
f ind ings fac i l i ta te deve lop ing genet ic tags of se lec ted l ines. 
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SUMMARY AND 
CONCLUSIONS 
SUMMARY AND CONCLUSIONS 
Fish contributes significantly to human food requirements due to 
their high nutritional values. In West Bengal people prefer 
consumption of freshwater fishes especially carps. Dwindling stocks of 
sea fish have also accentuated the demand for freshwater fishes 
particularly carps. Consumers are greatly attracted to Indian major 
carps because of their nutritive and dietary qualities, comparatively 
greater body weight and abundance of flesh. Rohu (Labeo rohita), 
Catla (Catla catla) and Mrigal (Cirrhinus mrigala) which constitute 
three of the selected Indian Major Carps are the subject matter of this 
study. They belong to family Cyprinidae and order Cypriniformes. This 
carps hybridize naturally, through escapes of fish from hatcheries into 
the wild and by introduction of exotic species. This would upset the 
natural gene pool of native fish populations. Genetic introgression and 
inefficient fish management practices adopted in hatcheries further 
aggravate the above problem. Cultured fishes bred and maintained at 
low population sizes may experience harmful effects of inbreeding, 
which may lead to reduction in reproductive success eventually 
reducing aquaculture productivity. 
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The genetic identification and discrimination of aquaculture stocks is 
a fundamental requirement in any culture programme whether for 
commercial or rehabilitation purposes. Through genetic markers it 
would be possible to screen population that had undergone loss of 
genetic variability. Initially, morphometries and meristics parameters 
were employed for determining genetic variations. Later on, more 
advanced methods like karyotyping and protein (Isozyme) 
electrophoresis came in vogue. But the introduction of molecular 
genetic markers like mitochondrial DNA (mtDNA) and nuclear DNA 
(nDNA) revolutionized genetic analysis. Nuclear DNA analysis includes 
techniques like Restriction Fragment Length Polymorphism (RFLP) 
and Variable Number of Tandem Repeats (VNTR) comprising of 
minisatellites and microsatellites. With the invention of Polymerase 
Chain Reaction (PCR) technology, Randomly Amplified Polymorphic 
DNA (RAPD) analysis emerged as a powerful method. PCR-RAPD is 
relatively simple, fast, inexpensive, requires very small amount of 
genomic DNA and does not necessitate the target DNA sequence 
information and a known primer. Under stringent and carefully 
controlled conditions, RAPD is sufficiently reproducible. As there is no 
systematic and comprehensive information available in the literature 
on RAPD-PCR analysis of Indian Major Carps (IMC), the present study 
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has been designed to achieve the following objectives; (1) DNA 
profiling of three species of selected Indian Major Carps (Labeo rohita, 
Catla catla and Cirrhinus mrigala) for identifying species specific 
pattern, (2) identifying hybrid patterns of the above selected carps and 
(3) quantifying genetic variations and changes in genetic profiles of 
farm population of Rohu (Labeo rohita) under selection. 
Sample collection was carried out in the case of the above three 
selected Indian Major Carps from wild riverine stock of the river 
Gomti, Lucknow, India. For the purpose of species comparison, blood 
samples were collected from individuals numbering 15 from each of 
the three species. Samples of the putative hybrids were collected from 
both, wild population of Gomti river as well as from the farm of 
National Bureau of Fish Genetic Resources, Lucknow. The third set of 
samples for studying genetic divergence of Labeo rohita were obtained 
from the Selection Programme carried out at Central Institute of 
Freshwater Aquaculture (CIFA), Bhubaneswar, Orissa. The samples 
studied were (a) 58 fishes of the CIFA selected stock and (b) 16 fishes 
from CIFA control stock. For collection of blood samples, procedure 
laid down by Ruzzante et al., 1996 was followed. Three species of IMC 
were categorized according to their morphological features. DNA was 
prepared from blood cells using the procedure of Ruzzante et al. 
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(1996). Quantity of the extracted DNA was estimated by ultraviolet 
absorbance spectrophotometry at 260nm, at which wave length an 
absorbance (A260) of 1.0 corresponds to 50 ng of double stranded DNA 
per ml. Quality of extracted DNA was confirmed by subjecting it to 
electrophoresis through 0.7% agarose gel, followed by Ethidium 
Bromide (Et.Br.) staining. Using RAPD analysis, species specific bands 
and hybrid specific brands were screened with six primers. As for 
population analysis in rohu, out of 20 primers 9 primers were 
selected. All the primers used were obtained from kit A of Operon 
technologies, Inc. U.S.A. Employing agarose gel (2%) electrophoresis, 
the presence or absence of bands was recorded and analyzed by visual 
comparison and by means of RAPDBIOS software. Majority of the 
bands were found to be ranging from 0.83-3.53kb and only clear and 
repeatable bands were scored. 
The results are presented primer wise and for each primer the species 
specific pattern is given followed by the hybrid pattern. For OPA1, the 
total number of species specific bands were 2, 5 and 4 in rohu, catla 
and mrigal respectively. For OPA4, the total number of species specific 
bands for rohu, catla and mrigal are 3, 2 and 2 respectively. Since 
there is no common band between rohu and catla and between catla 
and mrigal, OPA4 acts as a good genetic marker for species 
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identification. Total number of species specific bands for rohu, catla 
and mrigal are 2, 1 and 6 respectively for OPA9. Rohu and catla have 
no shared band with mrigal. Therefore, the primer OPA9 is chosen for 
distinguishing mrigal from rohu and catla. For OPA 16, rohu and catla 
showed one species specific band each while for mrigal they are four 
in number. In the case of OPA19, the total number of species specific 
bands for rohu and mrigal were two each while catla had one. There 
was no common band between rohu, catla and mrigal. Taking these 
two factors into consideration, OPA 19 can be treated as the most ideal 
primer to differentiate the three species. In respect of OPA2C), total 
number of species specific bands were 4, 2 and 1 in rohu catla and 
mrigal respectively. Mrigal had no common band with others. 
Therefore, OPA20 is most suited to differentiate mrigal from others. As 
shown above, species specific bands were observed in all the six 
primers. With respect to mrigal for OPA9, there were five 
monomorphic species specific bands. 
Generally, in all the hybrids both monomorphic and polymorphic 
species specific bands were present. For the same individual while one 
primer amplified band of one species, another primer amplified for 
another species. In all the hybrids whether they are from the farm or 
the wild, the rohu-catla bands were present. The unequal 
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representation of rohu/catla/mrigal band with the hybrids could 
either reflect that these individuals were not FI hybrids, but could be 
hybrids which have back crossed with either of rohu/catla/mrigal. 
The presence of hybrids especially one exhibiting the genome of all 
three species from the wild collection is surprising. The present study 
has clearly brought out that the occurrence of hybrids is high in 
hatchery stocks. The potential damage to native germplasm in the 
wild is high as is evident from the occurrence of these hybrids in wild 
collection. 
For population analysis in rohu, a total of 20 primers were tested and 
nine were used in the study since they gave clear scorable and 
polymorphic bands. Of the nine primers used, the total number of 
bands ranged between 5-6, except for OPA 12 which gave nine bands. 
In all these primers the number of polymorphic bands ranged from 2-
7 with the highest number i.e. seven, being in OPA12. Polymorphic 
loci (%) are higher in the selected group than from the control group of 
CIFA samples. Out of 53 loci, 32 tests were possible. The differences 
in allelic frequencies due to selection process indicate the possibility 
of using certain loci as genetic tags for marking individuals or group 
of individuals/sub-populations through future selection process. At 
loci OPA 17-4, where dominant allele frequencies increased to 1.0, it 
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may be possible to use it as genetic tag for selected group of 
individuals. It can be inferred from the present study that even within 
a short period of selection, genetic divergence will be patent and that 
RAPD markers are able to quantify this divergence. These findings 
facilitate developing genetic tags of selected lines. Further studies on 
gene mapping and quantitative trait loci (QTL) for the purpose of 
improvement and conservation of stocks through selective breeding 
will also be facilitated by this study. 
The study also establishes the ability and propensity of 
taxonomically distinct fishes to interbreed and produce viable 
hybrid offspring. However, repeated backcrossing of hybrid 
descendants with a parental species can further result in the 
introgression of genes from one species into the gene pool of 
another. This process of introgressive hybridization can cause 
the genetic loss of an entire species, subspecies or unique 
population. This study is, therefore, not only restricted to 
hybridization between distinct taxa but also hybridization 
between populations within taxa. The interbreeding of hatchery 
and wild fish can be viewed as the introgressive hybridization of 
two conspecific populations. 
1 3 0 
The f indings of this study will serve as a useful guideline to 
management techniques in hatcheries. However, since it is 
presently restricted to the three selected Indian major carps, it 
will be of great benefit to extend this study, to embrace all the 
species of carps, which are significant to our consumption 
requirements. 
Also it has been evident that RAPD method is of greatest use in 
a t tempts to trace the origin and evolution of the species to 
supp lement the data on genet ic analysis obtained with 
taxonomic studies based on morphometr ies . It has emerged 
f rom the study that such invest igat ion can be successful ly 
carr ied out with the help of RAPD technique. 
1 3 1 
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CHEMICALS AND REAGENTS 
CHEMICALS AND REAGENTS 
Buffers and Solutions 
Lysis buffer 
10 mM Tris.Cl, pH 8.3; 1 mM EDTA, 400 mM NaCl; 1% SDS; 100 
mg/ml Proteinase K. 
Sodium dodecyl sulphate (SDS) 
10% SDS, 10 mg/ml were used 
50x TAE 
242 g Tris base, 57.1 ml glacial acetic acid, 100 ml 0.5 M EDTA (pH 
8 . 0 ) 
0.5x TAE were used as running buffer with 0.7% Agarose gel. 
lx TAE were used as running buffer with 2% Agarose gel. 
Gel loading dye (Bromophenol blue) 
0.25% Bromophenol blue, 40% (w/v) Sucrose in water. 
Ethidium Bromide 
10 mg/ml 
1 pi for 0.7% Agarose gel, 2 pi for 2% Agarose gel 
Tris-Saturated Phenol 
Prepared according to standard protocol (Sambrook et al., 1989). 
Chloroform - Isoamyl alcohol (24:1] 
Chloroform and Isoamyl alcohol were used in the ratio 24:1 
T.E 
100 mM Tris.Cl, 40 mM EDTA, pH 8.0. 
10 mM Tris.Cl, 0.1 mM EDTA, pH 8.0. 
3 M Sodium acetate, pH 5.2 
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Name of the Chemical 
Agarose 
Bromophenol blue 
Chloroform 
EDTA 
Ethidium Bromide 
Ethanol 
Galcial acetic acid 
Heparine 
HC1 
8-Hydroxy quinoline 
Isoamyl alcohol 
Magnesium Chloride 
Phenol 
Sodium Chloride 
Sodium dodecyl Sulphate 
Sucrose 
Make 
Sisco Research Laboratories (SRL) 
Pvt. Ltd., Bombay, India 
E. Merck (India) Ltd., Bombay. 
SRL 
SRL 
BDH Laboratory suppliers poole, 
England 
E. Merck 
E. Merk 
Biological E. Ltd., 18/3, Azamabad, 
Hyderabad. 
Qualigens Fine Chemicals, Dr. Annie 
Besant Road, Bombay. 
Qualigens 
SRL 
Bangalore Genei Pvt. Ltd. 
SRL 
Sigma Chemicals Company, USA. 
Sigma 
SRL 
1 5 7 
Sodium acetate 
Sodium Hydroxide 
Tris 
dNTP's 
Mineral Oil 
Proteinase K 
Primers 
RNA ase 
Taq DNA Polymerase enzyme 
Taq DNA Polymerase buffer 
SRL 
S.d. Fine-Chem. Ltd., India 
SRL 
Genei Pvt. Ltd., Bangalore, India 
Genei Pvt. Ltd., Bangalore, India 
E. Merck 
Operon Technologies Inc., 
California,USA 
E. Merck 
Genei Pvt. Ltd., Bangalore, India 
Genei Pvt. Ltd., Bangalore, India 
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